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AD  VERTISEMENT. 

CTH1 S  fmall  Trabl  was  intended  to  make  a  part  of 
the  Treatife  of  'Algebra >,  but  other  matters  hadfwel- 
led  the  book  to  too  large  ajize^  to  admit  of  this  -,  which 
therefore  was  poftponed  to  a  further  opportunity. 

The  Subjetl  of  it,  which  is  the  Doclrine  of  Com- 
binations and  Alternations^  is  a  very  entertaining  and 
curious  fpeculation ;  by  which9  a  great  many  very 
delightful  problems  may  be  refolved :  which  will  ap- 
pear fir  ange  and  furprizing  to  them  that  are  not  verfed 
with  thefe  forts  of  calculations.  The  Dottrine  thereof 
is  here  compleatly  delivered^  and  in  a  little  compafs  ; 
and  the  rules  demonftrated  in  the  plaineft  and  eafiefi 
manner \  and  therefore  I  hope  it  will  prove  beyiefdal 
and  acceptable  to  the  reader. 
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Combinations,  Permutations,  &c. 


DEFINITIONS. 

D  E  F  I  N.    L 

THE  Combination  of  quantities,  is  fhewing  how 
oft  a  lefs  number  of  quantities  or  things  can 
be  taken  out  of  a  greater,  and  combined  together, 
without  confidering  their  places,  or  the  order  they 
Hand  in.     This  is  alfo  called  Election  or  Choice, 

Here  every  parcel  muft  be  different  from  all  the 
reft,  and  no  two  is  to  have  precifely  the  fame  quan- 
tities or  things. 

DEF,     II. 

Permutation^  mews  how  many  feveral  ways,  the 
places  of  any  given  number  of  things  may  be 
changed.  This  is  alio  called  Variation^  Alternation* 
and  Changes. 

Here  the  only  thing  to  be  regarded  is  the  order 
they  ftand  in ;  for  no  two  parcels  are  to  have  all 
the  quantities  placed  in  the  fame  fituation. 

def.  in, 

Compofition^  is  the  taking  a  given  number  of 
quantities,  out  of  as  many  equal  rows  of  different 
quantities,  one  out  of  every  row  ;  and  combining 
them  together. 

Here  no  regard  is  had  to  their  places ;  and  it 
differs  from  combination,  in  which  there  is  but  one 
row  of  things. 

B  DEF. 


COMBINATIONS,&c. 

D  E  F.     IV. 

Combinations  of  the  fame  form,  are  thofe  where- 
in are  the  fame  number  of  quantities,  and  the  fame 
repetitions.  As  abcc,  bbad,  cffg,  &c.  are  of  the 
fame  form  Alio  ABO,  DAaE>,  OED\  are  of 
the  lame  form  ;  putting  the  numbers  2,  3  for  the 
repetitions.  But  ABBC,  AB  \  AACC,  are  of 
different  forms. 

Here  obferve,  when  any  quantity  is  written  with 
an  index  at  the  top,  it  figniries  fo  many  repetitions 
of  that  quantity,  as  az  fignifies  aa  \  a*  fignifies 
aaa  \  and  fa  fignifies  bbbb,  &c. 


PROP.     I.      Prob. 

'To  find  the  number  of  Permutations  or  Changes  of 
m  things,  all  different  from  one  another. 

RULE. 

Multiply  continually,    1X2x3x4X5,  &c. 

to  m  terms ;    and  the  product  is   the   number  of 
changes. 

For  1  thing  a,  is  capable  but  of  one  pofition  a. 
And  if  there  be  2  things  a  and  b  ;  they  are  only 
capable  of  thefe  2  variations  ab,  ba  -,  whole  num- 
ber is  1X2. 

If  there  be  3  things  at  b,  c;  then  any  2  of  them, 
leaving  out  the  3d,  will  have  1  x  2  variations  ; 
therefore  when  thefe  3  are  taken  in,  there  will  be 
1X2  X  3  variations. 

And  if  there  be  4  things,  every  3,  leaving  out 
the  4th,  will  have  1x2x3  variations.  Then  tak- 
ing in  fucceffively  thefe  four  left  out,  and  there 
will  be  1x2x3x4  variations.  And  fo  on  as 
far  as  you  pleafe. 

Cor. 


PERMUTATIONS. 

Cor.  i.  m  x  changes  of  m — i  things  zz.  changes 
of  m  things. 

Cor.  2.  The  changes  of  m — i  things  out  ofmzz 
changes  of  m  things. 

For  the  changes  of  abc  n  1x2x3,  and  taking 
in  d,  the  changes  of  any  3  of  abed  zz  1  x  2  X  3  ■+• 
3X1X2x3  zz  1x2x3X4  =  changes  of  abed. 
And  the  fame  of  others. 

Example  1. 

77<?ie;  many  changes  may  be  made  of  the  words  in 
this  verfe  ?  Tot  tibi  funt  dotes,  virgo,  quot  fydera 
ccelo. 

Anf.  8x7x6x5x4X3X2x1  =  4032°- 

Example  2. 

How  many  changes  may  be  rung  on  6  bells  ? 
Anf.   1x2x3x4x5x6  zz  '720  changes. 

Ex  amp.  3. 

For  how  many  days  can  7  perfons  be  placed  in  a  dif- 
ferent pofition  at  dinner  ? 

Anf.  1  X2  X3X4X5X6X7  =  5°40 >  near 
14  years. 

PROP.     II. 

The  number  of  permutations  of  m  things  taken  n 
and  n,  or  n  at  a  time  *,  is  equal  to  m  changes  of  m  —  1 
things  taken  n  —  1  at  a  time. 

For  fuppofe  thefe  5  things  abede,  and  firfl  leave 
out  a  \  then  we  fhall  have  the  four  bede,  out  of 
which  let  there  be  taken  all  the  2's,  bc%  bd,  &c. 
and  put  v  zz  number  of  all  the  variations  of  every 
2,  out  of  the  four  quantities  bede. 

Now  let  a  be  put  in  the  firlt  place  of  each  of 
them,  which  will  make  abc,  abd,  6cc  •,  then  each 

B  2  will 


'PERMUTATIONS. 

will  confift  of  three  letters ;  and  the  number  of 
chano-es  will  remain  the  fame,  whilft  a  pofleffes  the 
firft  place ;  that  is,  v  =  number  of  variations  of 
every  3  out  of  the  5  abcde,  when  a  is  firft. 

In  like  manner,  if  *,  c,  d9  e  be  fucceffively  left 
out,  the  number  of  the  variations  or  all  the  2's  will 
alfo  be  v  9  and,  putting  b9  *,  <*>  *  in  the  firft  place 
to  make  3  quantities  out  of  5,  there  will  ftill  be  v 
variations,  as  before.     But  thefe  are  all  the  varia- 
tions that  can  happen  of  3  things  out  of  5,  when 
a  b  c  d9  e  are  fucceffively  put  firft  ;  and  therefore 
the  fum  of  all  thefe  is  the  fum  of  all  the  changes 
of  3  things  out  of  5.     But  the  fum  of  thefe  is  fo 
many  times  v  as  is  the  number  of  things ;  that  is, 
cv  or  mv  z=.  all  the  changes  of  3  things  out  of  5. 
And  it  is  evident,  the  fame  way  of  reafoning  may 
be  applied  to  any  numbers,  m,  n. 

PROP.     III.     Prob. 

Any  number  m  of  different  things  being  given  ;  to 
find  how  many  permutations  or  changes  can  be  made 
out  of  them,  taken  n  by  /*,  or  n  quantities  at  a  time. 

RULE. 


Multiply  continually  m  X  m—i  Xm  —  2Xm  —  3 
X  &c.  to  n  terms,  for  the  changes. 

Suppofe    any    number   of   things  abcdefg\ 
here  m  zz  7,  and  let  n  =  3-     Subftraft    1  from  3 
and  there  remains  2,  fubtradt  2  from  7  and  there 
remains  5.     Then  fct  the  numbers  as  follows, 
n  m 

1     5 

2     6 

3     7 

Here  it  is  evident,  that  the  number  of  changes, 
made  1  by  1  out  of  5  things,  will  be  5  =  v.. 

J  Then 


PERMUTATIONS, 

Then  (Prop.  II. )  when  m  zz  6,  n  zz  2,  the  num- 
ber of  changes  zz  mv  zz  6  x  5  zz  <*/,  a  fecond  time. 

Again,  when  02  zz  7,  «  zz  3,  the  number 
of  changes  zz  wy  zz  7  X  6  x  5>  that  is,  zz  m  x 
m  —  1  y^m  —  2,  continued  to  3  or  «  terms.  And 
the  like  may  be  fliewn  for  any  other  numbers. 

Cor.  1 .  If  V  zz  all  the  variations  or  changes  of  m 

things,  taken  n  at  a  time  ;  then^  m  —  n  X  V  zz  all 
the  changes  of  m  things^  taken  n  +  1  at  a  time. 

For  when  02  =  7,  fl  zz  3,  V  zz  7  x  6x5,  and 
m  —  n  zz  4.  But  by  this  Prop,  making  n  zz  4, 
then  the  changes  will  bezz7x6x5X4j  that  is, 

—  V  x  m  — -  n.     And  fo  for  all  other  numbers. 

Cor.  2.  n ■  V  zz  m  X  changes  of  n  things  out  of  m 

—  the  changes  of  n  +  1  things  out  of  m. 

For  mV  zz  m  x  changes  of  n  things  out  of  m ; 
from  which  fubtracling  m  —  n»  V  (Cor.  1.)  gives 
n  V  as  above. 

Ex.  1. 

How  many  changes  can  be  rung  with  three  bells  out 
of  eight  ? 

Anf.  8  X  7  X  6  zz  336. 

Ex.  2. 

How  many  words  can  be  made  with  5  letters  of  the 
alphabet ,  admitting  all  confonants  ? 

Anf.   24x23x22  x  21  X  20  zz  5100480. 
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PROP.     IV.     Prob. 

Any  number  of  things  m,  being  given  •,  whereof 
there  are  p  things  of  one  fort,  and  q  things  of  ano- 
ther',  &c.  To  find  how  many  changes  can  be  made 
cut  of  them  all  ? 

RULE. 

Multiply  and  divide  according  to  this  formula. 

I  X2X3  X-  top  X  i  X  2X3  X  ...  to  q  &c. 

For  fuppofc  ab  two  quantities,  then  there  will  be 

two  changes,  ab,  ba.    but  if  for  b,  you  put  a,  then 

aa  admits  but  of  one  alternation  zz  __  zz  1.    For 

2.1 

ab  and  ba,  being  two  variations,  become  aa  and  aa, 

which  therefore  will  be  but  one. 

In  like  manner  abc  affords  fix  variations,  but  if 

it  be  reduced  to  aaa  or  a1,  then  thefe  fix  variations 

become  but  one  zz  — *- &.    zz  1.      And  if  abc 

1x2x3 
be  reduced  to  aac,  the  Cix  variations  will  be  redu- 
ced to  only  thefe  three,  aac,  caa,  aca  \  but  half  fo 

many  as  before  zz 1_  zz  3. 

I  X   'i 
In  like  manner,    if  all   thefe  be  different  abed, 
there  will  be  24  variations  •,  but  if  they  be  all  the 
fame,  as  aaaa  or  a*?,  then  all  thefe  24  will  be  but 

one  zz    \  '3bT.     And  if  they  be  reduced  to  £^£, 
1.2.3.4 

three  of  them  being  the  fame,  there  will  but  be 
four   variations  aaab,    aaba,    abaa,  and  baaa   zz 
1X2X3X4.--  4>     And  jf  the  four  quantities  be 
1x2x3 

aahc,  the  24  will  be  reduced  to  12  zz  1  XiX^XA- 

1  X  2 

zz  12. 


PERMUTATIONS. 

z  12;  for  it  was  fhewn  before  that  aab  is  reduced 
to  3,  and  fince  c  may  have  four  pofitions  among 
the  quantities  aab  ;  therefore  the  variations  of  all 
four  aabcy  will  be  4  x  3  or  1 2 . 

After  the  fame  manner  if  we  have  ahbccc^  if 
they  are  all  different,  they  will  admit  of  720 
changes,  but  becaufe  b  occurs  twice,  and  c  thrice, 
it  muft  be  divided  by  2,  and  then   by  6,  and  the 

quotient  will  be  60  =  IX2X3X4X5x6,  as  is  eafily 

1x2x1x2x3 

tried.     And  the  like  may  be  fhewn  of  any  other 

fuch  quantities. 

Cor.  Hence  if  any  index  p  occurs  twice  or  oftenery 
the  feries  muft  be  divided  by  1.2.3  ...  to  p  twice?  or 
as  oft  as  that  index  occurs^  in  different  quantities. 

For  in  that  cafe  we  fhall  have  a*b\  or  aaa  bbb, 
where p  is  3.     Or  a*b*y  where  p  is  4. 

Examp.  1. 

How  many  variations  may  be  made  of  the  letters  in 
the  word  Bacchanalia  ? 

Anf.  It  will  be  in  this  form  abcdeffggggy  and  the 
changes  will  be 

1x2x3x4x5x6x7x8x9X10X11    = 

1x2x1X2x3X4. 

831600. ? 

Ex.  2. 

How  many  different  numbers  will  the  figures  follow- 
ing  make,   1220005555  ? 

f    1X2.3x4X5x6x7x8  x_9X_io 

IX2XIX2X3X1X2X3X4 
3;  12600. 
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PROP.     V.      Prob. 

*to  find  the  number  of  permutations  of  m  things* 
taken  n  at  a  time  ;  in  which  there  are  p  things  of  one 
fort,  a  things  of  another,  &c. 

RULE. 

Firft  find  all  the  different  forms  of  combination 
of  thefe  m  things,  taken  »  at  a  time  :  and  then 
how  many  combinations  there  are  of  each  form. 

Then  by  Prop.  IV.  find  the  number  of  changes 
in  any  form,  which  multiply  by  the  number  of 
combinations  in  that  form. 

Repeat  the  fame  for  every  difbtncft  form;  and 
the  fum  of  all  the  products  gives  the  whole  fum  of 
the  changes  required ;  as  is  evident  from  the 
nature  of  the  Problem. 

All  the  difficulty  here  is  to  find  the  combinations 
required  ;  and  this  is  eafily  done,  when  the  quan- 
tities are  but  few,  by  joining  together  every  two, 
every  three,  &c.  till  you  come  at  the  number  n  \ 
and  then  reckoning  how  many  different  forms  there 
are,  having  n  at  a  time,  and  how  many  in  each  form. 

But  when  the  quantities  are  many  and  often  re- 
peated, this  method  would  be  impracticable  ;  and 
then  we  muff  have  recourfe  to  Prop.  VIII.  follow- 
ing to  find  thefe  combinations. 

Ex  amp.   i. 

How  many  alternations  or  changes  can  be  made  of 
every  four  letters  out  of  thefe  eight,  aaabbbcc? 

Set  them  down  as  if  you  were  going  to  multi- 
ply them,  and  all  the  products  accordingly  ;  omit- 
ting fuch  as  happen  to  be  the  fame  as  fome  of  the 
foregoing,  and  fuch  as  are  out  of  the  queftion. 

a  b  c 
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a      b       c 
a       b       c 


aa     ab     ac     bb     be     cc 
a      b       c 


aaa  aab    aac     abb     abc     ace     bbb     bbc     bec 
a      b       c 


aaab     aaac     aabb     aabc     aacc     abbb     abbe 
abec     bbbc     bbee. 


Here  we  have  four  of  this  form  aaaby  whofe  num- 
ber of  changes  is  4,  by  Prop.  IV. 

And  three  of  this  form  aabb^  number  of  chan- 
ges 6. 

And  three  of  this  form  aabc^  number  of  chan- 


ges 

12. 

Therefore 

4X 

4 

= 

16 

3X 

6 

zz 

18 

3X 

12 

= 

36 

Number  of  changes       70 


Examp.  2. 

How  many  changes  can  be  made  of  eight  letters  cut 
of  thefe  ten ;  a*  bz  cz  de  ? 

Here  the  fum  of  the  indices  muft  always  be  8. 
And  all  the  forms  being  found  by  Prop.  VIII.  fol- 
lowing, and  the  combinations  in  each  ;  put  them 
down  as  in  the  following  table,  writing  the  indices 
of  the  quantities  for  the  repetitions.  Then  find 
the  changes  (by  Prop.  IV.)  for  every  eight,  in  thefe 
different  forms,  and  multiply  them  feverally  by 
the  number  of  combinations  in  each  form,  as  iav 
the  laft  column. 


Forms. 


10 
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Forms. 

Numb. 

Chang. 

Chang. 

Combi. 

multip. 

422 

1 

420 

420 

421 1 

6 

840 

5040 

41111 

1 

1680 

1680 

3221 

2 

1680 

336° 

32111 

2 

336° 

6720 

22211 

1 

5040 

5040 

Sum  of  all  the  Changes, 

22260 

Ex.  3. 

How  many  different  numbers  can  be  made  out  of 
1  unit,  two  two's,  3  three's,  4.  four's,  and  5  five's  -9  ta- 
ken five  at  a  time. 

Put  a,  b,  c,  d,  e  for  5,  4,  3,  2,  1 ;  then  the 
things  given  will  be  a*  b*  cl  d"  e  Then  by  Cor, 
Prop.  VIII.  following,  find  all  the  different  forms, 
thefe  five  things  are  Capable  of,  and  by  that  Prop. 
the  number  of  combinations  in  each  form  ;  which 
fet  down  as  below.  Then  the  changes  in  each 
form,  being  found  by  Prop.  IV.  muft  be  multi- 
plied into  thefe  combinations,  as  follows. 


Combi- 

Indices. 

Forms. 

nations 

54-321 

5 

1 

m  —  15 

41 

8 

n  =     5 

32 

9 

Lzz    5. 

3i* 

18 

221 

18 

in  1 

16 

inn 

1 

Then 
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Then  the  number  of  alternations  or  changes  will  be, 

1.2.3.4.5 

1  form,    2 -X    1=1x1=      1 

1.2.3.4.5 

1.2.3.4.5 

2  form*    z     2  477  X    8z    5x8    z    40' 

3  form,    '  '  2>  3  '4X5X    9  =  10x9    =    90 
*  '1.2.3x1.2  7  y 

4  form,    1I.,";3XtXiXl8  =  2oxi8=36o 

5  form,    l  '  2  '  3  '4*  5Xi8  1=30x181=540 

J  1.2X1. 2X1 

6form'  frT^7iixl6  =  6oxi6  =  ^o 

_          1.2.3.4.5 
7  form, X  1  =  120  x  1  ==  120 


XI 


Number  of  all  the  changes,     2 1 1 1 

Note ,  if  10  be  to  be  taken  at  a  time,  the  num- 
ber of  the  forms  of  combination  would  be  the 
fame  •,  but  the  combinations  themfelves  would  be 
different. 

PROP.     VI. 

If  C  be  the  number  of  combinations  of  m  different 

things  taken  n  at  a  time  \  then  m      n  Q,  will  be  the  num- 

n  -\-  1 

ber  of  combinations,  taken  n  -\-  \  at  a  time. 

Let  abcde  be  the  different  things  propofed.  Then 
all  the  different  combinations,  taken  by  one's,  by 
two's,  by  three's,  &c.  will  be  as  follows. 

a  ab 


ia  combinations: 

abcde 


a 

ah^\ 

abc  1 

abed 

b 

ac  ( 

abd>% 

abce 

c 

adQ 

abe\ 

abde 

d 

aej 

<*cd\l 
ace  3 

acde 

e 

bc~> 

bede 

_ 

bd>i 

ade     i. 

5 

ce  $ 

bde     I. 

5 

de     i 

cde     i, 

10  io 

i.  Here  the  combinations  of  all  the  five  fimplc 
letters,  is  evidently  5  or  m. 

2.  Then  all  the  quantities  abcde,  being  combined 
with  all  the  fame  5,  the  whole  number  of  combi- 
nations of  two  letters,  will  be  5  times  5  or  25, 
but  the  5  fquares  are  to  be  rejected,  aa,  bb,  cc,  dd, 
ee.  Then  there  remains  20,  which  is  4  X  5  or 
my^m —  1,  but  out  of  thefe  20,  every  one  is  re- 
peated twice  over,  as  ab  and  ba,  ac  and  ca,  &c. 

Therefore  mx »   orCx  will  be  the 

2  n  +  1 

juft  number  of  the  combinatious  of  2  things,  n 

being  zz  1. 

3.  Then  if  the  laft  10  or  C,  be  combined  with 
the  5  abcde,  there  will  be  produced  5  X  10  or  50 
combinations  of  3  letters.  And  out  of  thefe  there 
muft  be  rejected  4  with  aa,  and  as  many  with  bby 
cc,  dd,  ee  ;  that  is,  5  X4  or  20  z=  2C.  Then  there 
remains  30  combinations,  or  m  —  ;/  x  C.  But 
each  combination  is  thrice  repeated,  for  three  letters; 
for  we  ihail  have  abc,  bac,  cab  -,  and  abd,  bad,  dab, 
&c.  that  is,  they  are  as  often  repeated  as  there  are 

letters  j  therefore  taking  a  third  part,  C  X    

o 
or 
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or  C  X  m  =  the  juft  number  of  combinations, 

n  +  i 

in  this  cafe  z  10. 

4.  Again,  if  thefe  laft  be  again  combined  with 
the  five,  we  {hall  have  5  X  10,  or  50  combinati- 
ons of  four  letters,  in  this  example.  But  out  of 
thefe,  there  will  be  fix  with  aa9  and  as  many  with 
bb9  cc9  dd,  ee  •,  that  is,  6x5  or  30,  to  be  reject- 
ed. Then  there  remains  20-2X  101=  m — n.  C. 
But  thefe  contain  as  many  repetitions  of  each,  as 
there  are  letters,  that  is,  4  or  n  +  *•  For  amongft 
them  we  have  abed,  bacd9  cabd9  and  dabc ;  and  fo 
of  the  reft,  therefore  we  muft  take  only  ~  of  thefe-, 

and  then  we  fhall  have  m      ^C  for  four  quantities 

4 

combined,  which  in  this  cafe  is  5  z= C. 

5.  Then  if  thefe  five  be  combined  with  abcde9 
we  fhall  have  5X5,  or  25  of  all;  but  among 
them  there  will  be  four  with  aa9  and  as  many  with 
bb9  cc9  dd,  ee  ;  that  is,  4 X  5,  or  20  to  be  thrown  out ; 
then  there  remains  5,  but  all  thefe  5  are  but  the 
repetition  of  the  fame  letters  differently  placed ; 
and  therefore  we  muft  take  the  5th  part,  or  4  ~  1, 

for  the  number  of  combinations  ~  m      -  C  ~ 

5 

C,  in  our  example. 

n  +  1 

And  it  is  evident,  that  the  fame  reafoning  may 

be  applied  to  any  number  of  diftincl  things  what- 

foever.     And   therefore   if  C  be  any   number  of 

combinations  of  n  quantities,  then C  will  be 

n-\- 1 
combinations  for  n  -f-  1  quantities. 


PROP. 


i+  COMBINATIONS. 


PROP.     VII.     Prob. 

To  find  the  number  of  Combinations  of  m  things, 
all  different  from  one  another ;  taken  n  at  a  time. 

RULE. 

Multiply  continually  *  x  m~1   X  m~~2  X 

1  2  3 

^-  &c.  to  n  terms,  for  the  number  of  com- 

4  t 
binations. 

For  let  m  be  the  number  of  the  quantities  abcdef^ 
&c.  then  it  is  plain,  that  m  will  be  the  number  of 
all  the  one's. 

Then  let  U  =  i,  and  C  zz  m,  and  by  the  laft 
Prop,  the  combinations  of  all  the  two's  will  be  C  X 
m  —  \  __  ni       m  —  i 

2  12 

Again,  let  n  =  2,  Cm  —  X  — ZL-  •,  then  by 

P  12 

the  laft  Prop,  the  combinations  of  all  the  three's 

will  be  C  X =  —  X X 

312  3 

Air    \£                   r>          m     ^    m —  l    w    m  — 2 
Alio  if  n  =  3,  C  ==  —   X X 


I  2  3       » 

then  the  combinations  of  all  the  four's  will  be  C  x 

2    -;  _    x    X   X -. 

41234. 

And  fo  forward  as  far  as  you  will. 

Cor.  1 .  The  number  of  combinations  of  n  things, 
taken  out  of  gg,  is  equal  to  the  uncia  or  coefficient  of 
the  n  -h  ith  term  °f  a  binomial,    raifed  to  the  mth 

fowe>\ 

For 
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For  —  X    X    &c.  to  n  terms  is 

I  2  3 

th 


the  w  +  il   term  of  a  binomial ;  by  Cor.  i.  Prob. 
V.  Sett.  I.  Algebra. 

Cor.  2.  The  number  of  all  the  pofftble  combinations, 
ef  all  the  one's,  two's,  three's,  &c.  is  one  lefs  than 
the  fum  of  all  the  unci<e  of  a  binomial  raifed  to  the 
mth  power,  and  that  is  equal  to  2m —  i.  This  is 
the  number  of  all  the  eleclions. 

For  the  fum  of  the  coefficients  of  the  mth  power 

zz  fum  of  the  coefficients  of  i  +  im  zz  i  +  im  zz 

2m. 

Cor.  3.  There  is  the  fame  number  of  combinations  of 
n  things  out  of  m,  as  of  m  —  n  things  out  of  m. 

For  there  is  the  fame  variety  of  taking  n  things, 
as  of  leaving  n  things  -,  that  is,  of  taking  m  —  n 
things. 

Cor.  4.  There  is  but  one  combination  of  m  things 
out  of  m  \  whether  they  be  all  different,  or  feveral 
of  one  or  more  forts. 

Cor.  5 .  The  number  of  permutations  of  m  things 
taken  n  at  a  time  zz  the  like  number  of  combinations 
X  into  1.2.3.4.5  &c  .  .to  n  terms. 

This  is  plain  from  this  Prop,  and  Prop.  III. 

Ex.  1. 

How  many  combinations  can  be  made  of  fix  letters 
cut  of  ten  ? 

Anf.   L°  *  9  X  8  X_7XJX5  =210. 
1x2x3X4X5x6 

Ex.  2. 

How  many  combinations  can  be  made  with  three  let- 
ters  of  the  alphabet  ? 

,    r    24  X  23  X  22 
Ani. ± zz  2024. 

1X2x3  Sc  uol. 
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S    C    H    O    L. 

The  number  of  divifors  of  m  quantities,  abcJ> 
&c.  is  2m —  i.  And  the  number  of  aliquot  parts, 
2m —  2.  For  the  number  of  all  the  combinations 
of  the  one's,  two's,  three's,  &c.  is  the  fame  as  the 
number  of  the  divifors.  And  the  number  of 
aliquot  parts  is  one  lefs ;  becaufe  abed  is  a  divifor, 
but  not  a  part  of  itfelf. 

PROP.    VIII.    Prob. 

To  find  the  number  of  combinations  of  m  things^ 
taking  n  at  a  time  \  in  which  there  are  p  things  of  one 
Jort,  a  things  of  another  fort ',  &c. 

Here  when  any  quantity  is  often  repeated,  as 
aaa,  bbbb,  &c.  they  are  written  thus  a\  b\  &c. 
where  the  index  fhews  the  number  of  repetitions^ 
of  any  quantity,  or  how  often  it  is  to  be  taken.  In 
the  former  cafes  of  combination  where  the  quanti- 
ties are  all  diftinct,  the  folution  is  had  by  a  fingle 
rule,  or  a  fingle  operation.  But  this  cannot  be 
done  where  any  of  the  quantities  are  repeated,  for 
this  requires  feveral  operations,  for  the  different 
forms  of  combination,  that  n  things  are  capable 
of,  one  for  each  form  •,  whereas  if  they  were  all 
diftind:,  there  could  be  only  one  form  for  all. 

To  proceed  regularly,  we  muft  firft  find  how 
many  different  forms  n  things  will  admit  of,  and 
what  they  are ;  and  then  how  many  combinations 
are  in  each  form.  And  the  fum  of  all  thefe  com- 
binations wiii  be  the  number  required. 

R  U  L  E,   for  the  number  of  forms. 
i.   Place  the  m  things  fo,  that  the  greater!:  in- 
dexes may   be  firft,  and  the  reft  decreafe  in  order. 
Then  begin  at  the  firft  letter,  and  join  it  with  the 

fecond, 
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fecond,  third,  fourth,  &c.  to  the  laft ;  then  take 
the  fecond  letter  and  join  it  with  the  third,  fourth, 
&c.  and  then  take  the  third  letter  and  proceed  the 
fame  way  -,  and  then  the  fourth,  and  the  fifth,  &c. 
till  all  be  done ;  always  taking  care  to  reject  fuch 
combinations  as  you  have  had  before.  Thus  you 
have  the  combinations  of  all  the  two's. 

Then  for  all  the  three's,  join  the  firft  letter  to 
every  one  of  the  two's,  fucceflively  •,  and  then  the 
fecond,  and  third,  &c.  to  the  laft ;  taking  care  to 
leave  out  fuch  combinations  as  are  had  before. 
Then  you  have  all  the  combinations  of  the  three's. 

Proceed  the  fame  way  to  get  the  combinations  of 
all  the  four's,  all  the  five's,  &c.  till  you  come  at  ?;, 
whofe  combinations  are  required.  So  you  will  at 
laft  get  all  the  feveral  forms  of  combination  of  n 
things ;  and  how  many  there  is  in  each  form. 

But  in  particular  cafes,  fhorter  ways  than  this 
may  often  be  found  out. 

2.  To  find  the  number  of  combinations  in  any 
form  •,  let  the  quantities,  both  in  the  m  things,  and 
n  things,  be  ranged  according  to  the  indexes,  fetting 
the  greateft  firft,  as  has  been  faid.  Then  if  the 
quantities  are  not  many,  the  number  of  combina- 
tions may  be  found  out,  and  reckoned  up,  after  a 
like  manner,  as  their  different  forms  were  found 
out  before  ♦,  beginning  at  the  firft,  and  going  gra- 
dually thro'  them  all.  As  if  you  have  a1  h  cz  d\ 
and  you  would  know  how  many  are  contained  in  ir, 
of  this  form  aabc.  Here  aa  may  be  connected  with 
be,  bd,  cd  •,  and  there  are  three  fuch  fquares  which 
may  be  connected  in  like  manner,  viz.  aa,  bb,  and 
cc-9  therefore  3  x  3  or  9  Will  be  the  number  of 
combinations  in  that  form. 

But  when  there  are  many  terms,  we  mu ft  pro- 
ceed to  calculation  in  this  manner.  Let  the  things 
given  whofe  number  is  m,  be  thofe  ap  bq  cx  d\  &c. 
where/),  q,  r,  s  are  the  indices  or  repetitions,  no 

C  matter 
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matter  whether  equal  or  unequal.  And  let  ax  V* 
fw  dx,  &c.  be  the  form  to  be  combined,  the  indices 
being  /,  v9  w,  x9  &c.  either  equal  or  unequal. 
And  when  a  letter  is  but  once  expreffed,  its  index 
will  be  i.     Then  for  the 

RULE  for  any  Jingle  form. 

Let  A,  B,  C,  D,  &c.  be  the  number  of  dif- 
ferent letters  in  the  m  things  expofed,  whofe  indices 
are  equal  to,  or  greater  than  (/:  v9  w,  x,  &x.  re- 
fpe&ively)  the  indexes  in  the  n  things. 

Then  the  number  of  combinations  in  that  form  is 


continued  to 


A  x  B  —  i  x  C  —  2  X  D  —  3,  &c. 

RS,  &c. 

as  many  terms  as  there  are  different  letters  in  the 
form  propofed  ;  where  R  zz  i  X  2,  or  1x2x3, 
or  1x2x3x4,  &c.  when  any  index  in  the  form 
is  twice,  thrice,  or  four  times,  &x.  repeated  ,  and 
the  like  for  S,  &C 

3.  The  fame  operation  is  to  be  repeated  for  e- 
very  form  •,  and  then  the  fum  of  all,  gives  the  num- 
ber of  combinations  •,  being  all  that  n  things  out 
of  m,  can  admit  of. 

For  fuppofe  any  number  of  things  as m  zz  tffrc%d9 
and  the  form  propofed.         a1  bz  c 

It  is  evident  3  (the  index  of  a*)  is  contained  in 
5  and  3,  (the  indexes  of  a*  fc)9  which  gives  2  cafe, 
where  a  cube  can  be  taken  out  of  the  m  things, 
here  A  zz  2. 

Then,  2  (the  index  of  ^)  is  contained  in  5,  3,  2 
(the  three  indexes  of  &  b1  cz).-,  here  B  zz  3.  So 
there  are  three  cafes  where  a  fquare  can  be  taken, 
conlidered  fingly.  But  as  fome  cube  goes  along 
with  it,  that  takes  away  one  cafe,  and  there  re- 
mains B  —  1  or  two  cafes  only.  Now  for  every 
one  of  thefe,  there  will  be  A  cafes,  where  the  cube 
and  fquare  are  both  contained  in  the  m  things :  that 

is, 


COMBINATIONS.  ty 

is,  the  number  of  combinations  with  a  cube  and  a 

fquare  will  be  A  x  B  —  i . 

Again,  i  (the  index  of  c)  is  contained  in  5,  3,  2, 
and  1,  (the  indices  of  all  the  quantities  &  fr  cz  d)9 
whence  C  zz  4  •,  fo  that  there  will  be  four  cafes, 
where  (c)  any  fimple  quantity  can  be  taken.  But 
fince  a  cube  and  a  fquare  is  to  go  along  with  it ; 
thefe  take  up  two  places,  and  deftroy  two  of  the 
cafes  ;  fo  that  the  number  of  cafes  where  a  fimple 
quantity  can  be  connected  with  a  fquare  and  a  cube 
(-whofe  places  are  fixt,  or  fpecies  determined),  will 
be  C — 2.  And  for  every  one  of  thefe,  there  will  be 
A  X  B  —  1  cafes  by  varying  the  fpecies  of  the  cube 
and  fquare  ;  fo  the  number  of  thefe  three  combi- 
nations, will  be  AxB  —  1  x  C  —  2.  And  in 
like  manner,  if  there  had  been  a  fourth  quantity 
(d)  to  be  combined,  we  mould  have  D  zz  number 
of  the  fimple  cafes,  and  D  —  3  the  number  of  cafes, 
when  going  along  with  the  other  three.  And  then 
the  whole  number  of  combinations  of  quantities, 
with  four  different  indices,  would  be  A  X  B  —  1 

X  C  —  2  X  D  —  3,  ford  muft  be  fuppofed  to  have 
a  different  index  from  any  of  the  reft. 

It  is  evident,  this  way  of  reafoning  is  general, 
and  may  be  applied  to  any  collections  of  quantities 
whatever  ;  where  the  indices  of  all  the  quantities  n9 
in  the  propofed  form,  are  all  different.  But  it  mat- 
ters not,  whether  the  indices  in  the  whole  collec- 
tion of  quantities  m9  which  are  expofed,  be  the  fame 
or  different. 

Now  when  any  index  in  the  propofed  form  hap- 
pens to  be  repeated  feveral  times,  the  former  num- 
ber muft  be  divided  by  a  correfpondent  number, 
after  a  like  manner  as  was  fhewn  in  Prop.  IV.  for 
the  changes  of  things. 

Let   m  zz  a*bzcz,    the  form   azb9    then  A  zz  3, 

B  =  3,  and  A  x  B  —  1  zz  6,     But  if  the  form  be 

G  z  <?P 


»a  COMBINATIONS. 

azbl  or  ab,  in  either  cafe  A  and  B  remain  the  fame^ 

and      x  *  zz  3,  which  fhews  all  the  cafes  that 

1.2 
two  fquares,  or  two  fingle  letters,  can  be  taken  out 
of  m.     Here  R  zz  \  x  2. 

Again,  let  ft?  zz  a^b^d*,  and  the  form  a'iV  j 
then  A  zz  4,  B  zz  4,  C  zz  4,  and  4.3.2  zz  24, 
the  number  of  combinations  of  a  cube  and  a  fquare 
and  a  fingle  letter.     But  if  the  form  be  azbzc  -,  A, 

B,  C  will  be  the  fame  as  before,  and  -ill! 


1.2  zz  R 

r=  12  combinations  of  two  fquares  and  a  fingle 
letter,  as  is  eafily  tried.  And  if  the  form  be 
azbzcz  \  A,  B,  C,  will  ftill  be  the  fame,  and  then 

R  zz  1  X  2  X  3,  whence  4-3*2  —  ^  the  combina- 

«-2-3 

tions  of  three  fquares  -,  and  it  is  evident  by  infpec- 
tion,  there  can  be  no  more.  And  there  would  be 
the  fame  number  for  the  form  abt.  And  the  fame 
will  hold  in  all  fuch  quantities,  where  the  indexes 
are  alike.  For  a  repetition  of  the  fame  index  caufes 
a  certain  number  of  repetitions  among  the  quan- 
tities combined ;  which  ought  to  be  reduced  in 
proportion.  And  what  is  faid  of  the  repetition  of 
one  index,  is  equally  true  for  the  repetition  of 
any  other  index,  and  then  S  comes  into  the  cal- 
culation. 

Cor.  Hence  it  appears,  that  before  the  required 
number  of  combinations  can  be  found  \  all  the  different 
forms  of  combination  muft  be  had.  And  thefe  may 
be  obtained  by  Art.  1.  before ;  or  rather,  when  the 
quantities  are  many,  by  the  following  method. 

Here  we  muft  work  by  the  indices.  Put  L  zz 
number  of  different  letters. 

Then  fet  down  all  the  indexes  contained  in  the  m 
quantities,  taking  the  greateft  firlt.     Then  out  of 

thefc 
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thefe  muft  be  made  fo  many  rows  of  figures  as 
there  are  different  forms,  and  the  fum  of  the  fi- 
gures in  each  row  muft  make  #,  and  no  row  muft 
exceed  L  places.  Now  to  get  all  thefe  forms,  fee 
down  the  greatefl  index  firft,  and  the  next  lefTer 
towards  the  right  hand,  and  fo  on.  Then  proceed 
from  one  row  to  another,  by  breaking  the  leaft 
numbers  (thofe  towards  the  right)  ftill  into  lefTer 
numbers,  till  they  be  units.  Thus  proceed  gra- 
dually figure  by  figure,  from  the  right  towards 
the  left,  till  all  the  numbers  be  dimininifhed  as 
low  as  they  will  admit  of. 

Ex.  i. 

Let  the  things  propofed  be  a*bzc  zz  my  to  find  the 
number  of  combinations  made  of  every  3  (n)  of  thefe 
quantities. 

The  indexes  3  2  1  .  L  =  j. 

Forms 


±& 


3 
2  1 

1  1  1 


Sum  of  the  combinations, 


combin.  s 

4 

1 

6 


In  this  example  there  are  3  forms ;  1.  a  cube  9 
2.  a  fquare  and  a  fingle  one  •,  3.  three  fingle  ones. 
The  firft  admits  of  one  combination  only  y  the  fe- 
cond  of  4,  and  the  third  of  1,  whofe  fum  is  6. 

Ex.  2. 

Let  a^fac1  be  propofed;  to  find  the  number  of  com* 
binations^  taken  4  at  a  time  ? 


Indexes. 

332 
L  =  3. 


Forms. 

2  2 
211 


Combin, 

4 
3 
3 


Sum  of  the  combin, 

c3 


10. 


Exi 
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Ex.  3. 

How  many  Combinations,  in  albzc%de-9  taking  8  at 
a  time  ? 


Indexes. 

Forms. 

Combinations. 

422 1 1 

422 

1 

«==  8 

42 1 1 

6 

L=5 

41 1 1 1 

1 

3221  .... 

2 

32111 

2 

222il 

1 

Combinations 

13 

In  this  example  there  is  no  three's  to  be  combi- 
ned with  the  four. 

Ex.  4. 

Suppofe  a*fce*d4t*f3g  be  propofed,  to  find  all  the  com* 
}?inations9  taken  10  at  a  time. 


Indices. 

Forms. 

Combinations. 

554443 l 

55 

1 

n  zz  10 

54i 

40 

L  =  7 

53* 

40 

531* 

100 

5221 

80 

52111 

ICO 

511111 

12 

373 

Forms, 
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2J 


Forms. 

Combin. 

Forms. 

Combin 

442 

40 

3331 

80 

441 1 

no 

3322 

90 

433 

5° 

332JI 

360 

4321 

400 

S31111 

75 

4311* 

250 

32221 

180 

4222 

5° 

32211 1 

240 

42211 

300 

32111 1 1 

3° 

42  1 1 11 

i*5 

22222 

6 

4111m 

5 

222211 
2221111  ' 

45 

20 

1320 

1 126 

» 

1320 
373 

Combi 

nations  in  all 

2819 

To  give  account  of  our  proceedings  in  this  Ex- 
ample, it  may  be  obferved,  that  all  the  figures  de- 
creafe  towards  the  right.  In  the  firft  place,  we  take 
the  greater!  5  and  5,  and  then  break  the  latter  5 
into  4  and  1,  or  into  3  and  2,  or  into  3  and  1,1. 
Having  done  with  $,-$,  we  take  5,2,  and  fill  up 
(iol  with  2,1,  or  with  1,1,  1. 

Having  done  with  5,  we  take  4,  and  fill  up  with 
the  greateit  numbers,  not  exceeding  4  •,  as  with 
4,2,  and  4,1,1.  For  if  we  had  taken  a  bigger 
number  than  4,  we  fhall  find  it  difpatched  before; 
and  therefore  we  muft  always  take  an  equal  or  a 
lefs  number.  In  the  next  place  we  take  4,3,  and 
fill  up  with  3,  or  2,1,  or  iti,i  5  and  thus  we 
go  on  till  all  the  right  hand  numbers  are  dhTolved 
into  i5. 

Having  finifhed  thofe  with  4,  we  take  3,  and 
put  to  it  3,3,1,  the  greater!:  numbers  that  exceed 
not  3  \  and  proceed  as  before  \  but  we  have  now 
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additional  numbers,  to  do  with,  above  2.  And  3 
being  done,  we  go  to  2,  and  the  whole  collection 
ends  with  22211 11.  •,  for  we  cannot  break  2  into  1 
and  j  ,  for  the  number  of  places  would  then  exceed 
7,  which  it  cannot  do. 

All  thefe  forms  being  thus  had,  their  feveral  com- 
binations are  obtained,  by  the  fecond  article,  and 
fet  againft  them  in  the  table.  And  this*  example 
may  ferve  as  a  fpecimen  for  other  more  difficult 
cafes. 

Scholium. 

When  n,  the  number  of  things  to  be  taken,  is 
very  great-,  you  may  firft  take  the  number  of  m  —  n 
things  \  and  find  how  many  combinations  there  will 
be  for  them  \  for  there  will  be  juft  as  many  for  one 
as  tor  the  other.  And  then  having  the  combina- 
tions of  m  —  n  things  ;  by  taking  thefe  feverally 
out  of  the  whole,  you  will  have  the  combinations 
of  n  things  required.  As  if  m  zz  a*bzc,  and 
n  —  4,  then  m —  n  zz  2,  and  all  the  two's  will  be 
cia,  ab,  ac,  bb,  be.  Thefe  taken  feverally  out  of 
&b%ti  will  leave  abbe,  aabc,  aabb,  &%  a*b\  which 
.are  all  the  combinations  of  the  four's.  But  the 
number  of  forms  will  not  be  the  fame  in  both,  there 
being  only  two  forms  in  the  two's  •,  and  three  forms 
in  the  four's  Neither  will  the  number  of  combi* 
nations,  iri  the  correfpondent  forms,  be  the  fame. 

PROP.     IX. 

*The  number  of  compofitions  of  n  things  taken  out  of 
n  rows,  each  row  confijiing  of  m  things,  is  mn,  or  the 
nth  power  of  m. 

Let  there  be  any  number  of  rows  abed 
as  thefe  annext.  It  is  plain  the  num-  e  f  g  b 
ber  of  fingle  things  as  a,  b,  c,  d,  is  i  k  I  m 
tn  or  m\ 

Then 
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Then  the  number  of  combinations  of  every  2,  Is 
had  by  joining  each  quantity  in  the  fecond  row  to 
all  the  quantities  in  the  firit,  which  will  make  as 
many  times  m  as  there  are  things  in  the  fecond  row, 
or  m  times  m,  that  is  mz  \  for  all  the  two's. 

Again,  taking  in,  the  third  row ;  there  will  be  as 
many  times  mz,  as  there  are  things  in  the  third 
row,  that  is  m  times  mm,  or  m*  5  for  the  compo- 
fition  of  three  things. 

After  the  fame  manner  if  a  fourth  row  was  taken 
in ;  all  the  combinations  of  every  four,  would  be 
m4 ;  and  fo  on.  And  therefore  universally  when  n 
rows  are  taken  in,  the  number  of  combinations 
will  be  mn,  which  is  the  number  of  compositions. 

Cor.  1 .  The  number  of  compofitims  of  all  the  one's, 

two's,  three's,  &c.  to  n,  is  — H—  m. 

m—  1 

For zz  m*  +  m7,  +  m  +  u 

m  < —  1 

ffi^  ,      T 

And m  zz  rn+  +  m?  +  m  +  1,  as  will  ar> 

m —  1 

pear  by  divifion,  or  in  general,  - — ZL-.  m   zz  mn 

m  —  i 

+  mn— r,  &c.   to  m  zz  compofitions   of  all   the 

one's,  two's,  three's,  &c.  to  n. 

Cor.  2.  Hence,  may  be  found  the  compofition  of  n 
things  out  of  m,  as  follows.  Involve  m  to  the  #ttl 
power  for  the  anfwerP 

Examp.   1. 

How  many  compofitions,  of  3  letters  out  of  20  ? 
Anf.  20?   zz  8000.  But  thefe  fhould  be  here,  3 
different  alphabets. 

Ex.  2. 
How  many  changes  are  there  on  throwing  four  dice  ? 
Anf.  6+  zz  1296, 

PROP. 
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PROP.     X.      Prob. 

If  there  be  m  rows  of  quantities  given,  having  the 
fame  quoitities,  and  the  Jame  number  cf  them,  as  a, 
by  f,  d,  &c.  ¥0  find  toe  number  of  compofitions  of  m 
things  taken  out  of  the  m  rows ,  for  any  given  form, 
of  tbefe  quantities,  as  albvcyvdx,  &c. 

RULE. 

Put  V  =z  variations  of  the  things  atbve"vdK, 

And  A  =  variations   or  alternations  of  the  in- 
dexes, ttiwx,  both  found  by  Prop,  IV.    Then  will 
AV  z=  number  of  compofitions  required. 

For  let  the  different  rows  in  the  laft  abed 
Prop,  be  made  all  alike,  or  the  fir  ft  row  abed 
tn  times  repeated,  as  here  And  let  the  abed 
number  of  things  propofed  be  alb*c  •,  and  abed 
firft  let  the  index  3  be  fixt  to  a,  and  2  to  abed 
£,  &c.  Now  fince  # >  may  be  taken  out  of  abed 
any  3  rows,  and  bl  out  of  any  two  remain-  abed 
jng  rows  ,  and  c  out  of  the  laft  remaining  row  ; 
therefore  there  will  be  fo  many  ways  of  taking 
thefe  letters,  as  each  of  them  can  be  placed  in  dif- 
ferent rows,  that  is,  in  different  places  or  fituations ; 
for  the  varying  the  rows  is  the  fame  thing  as  va- 
rying the  places  of  the  letters  ;  and  coniequently 
the  number  of  different  ways  of  taking  them  out 
of  the  feveral  rows,  is  equal  to  the  number  of  va- 
riations or  permutations  of  thefe  letters,  to  be 
found  by  Prop.  IV.  which  number  is  =  V.  And 
this  will  hold  as  long  as  the  indexes  are  fixt  to  thefe 
particular  letters,   and  to  none  elie. 

But  fince  in  any  one  form  as  a^b'c,  that  form  will 
take  in  as  many  cafes,  as  there  can  be  variations 
made  in  fluffing  the  indices,  from  one  letter  to  a- 
nother;  therefore  there  will  be  fo  many  times  V, 
as  is  the  number  of  thefe  variations.     Therefore  if 

A  = 
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A  zs  number  of  variations  or  alternations,  of  the 
indices  3,  2,  i  ;    or  in  general,    of  /,    v>    #,  w% 

Then  AV  will  be  the  whole  number  of  compouV 
tions,  that  particular  form  will  admit  of. 

Cor.  1.  Hence  in  any  alfacwdx  &c  where  the  in- 
dices arefixt  invariably  to  their  particular  letters  \  the 
number  of  compofitions  V  will  be^ 

1.2.3  . .  to  X  1.2.3  •  •  •  **  V  X  &C 

Cor.  2.  If  n  zz.  number  of  different  letters  in  any 
form  axbyc"d*  &c.  Then  the  whole  number  of  compo- 
fitions for  that  form  will  be  53 

1.2.3  •  -  •  to  n         1.2.3  "*  t0  m 

RS  &c.  "  1.2  .  .  ?  X  1  .  2  .  .  v  x  &c.  * 

where  R  zz  1.2,  or  1.2.3  &c-  according  as  any  in- 
dex is  twice  or  thrice,  &c.  repeated  j  and  the  like 
for  S,  and  fo  on. 

Here  follow  fome  examples. 

Ex  amp.  1. 

How  many  compofitions  are  in  the  form  a^fac  ? 
Here  // zz  3,  « -  =  6,  /  zz  3,  ^zz2,  w  zzi.  And 
here  is  no  repetition  of  indexes.    Therefore 

Anf.  1.2.3  X  I,2-M'5'6  zz  6  x  60  zz  360. 
1.2.3x1.2  * 

Ex.  2. 
//0W  w^/fy  compofitions  in  the  form  alb*c  ? 
Here  s  5=  3,  *  =  5.    /  zz  2,    c  zz  2,    w  zz  1. 

The  index  2  is  twice  repeated.     Therefore 

Anf.  i±L  X   i±l±i  =  3x  30  =  90. 

1.2  1. 2X1. 2  * 

fi*  3- 

To  find  the  compofitions  in  the  form  at  fa* 

Here 
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Here  n  zz  2,  m  zz  6.  i,v  zz  3,  w  zz  o.  The 
iodex  3  is  twice  repeated ;  and  the  letters  a,  b, 
thrice. 

A    c   1.2    v>  1.2.2.4.^.6 

Anf.  X  £~L2_ —   =  1  x  20  =  20, 

1.2        1.2.3  X  K2*3 

Ex.  4. 
7*0  jW   /#<?  number  of  compofitions  of  the  form 

Here  0  =  4,  m  zz  10.  tju  zz  3,  «;,#  =  2.  The 
index  3  is  twice  repeated,  as  alfo  the  index  2.  The 
letter^,  a>  b,  are  thrice  repeated  ;  and  r,  d9  twice. 

Anf.  l'2'3'4       x    1-2-3-4-5«6-7-8-9-I° = 

1.2  X  1.2  I.2.3XL2.3XI.2XI.2 

6  X  25200  ^  151200. 

£x.  5. 

How  many  compofitions  in  the  form  a^frc^def  ? 

Here  n  zz  6,  w  zz  14 ;  /  zz  $-,  v>w  zz  3,  #  zzi, 
&c.    Here  the  index  3   is   twice  repeated,  and  the 
index   1   thrice.     The  letter  a,  5  times  repeated  ; 
and  b  and  c  thrice.     Hence, 
Anf.  I'2-3»4'5-6x  '-2.3.4  5.6.7.8.9. 10.11. 12.13. 14 

'  1.2.3  X  *-2     l-2-3-4-S  X  i**»3  x  I-2-3 

zz  60  X  20180160  zz  1210809600.     So  prodigi- 
oufly  do  the  numbers  increafe  in  thefe  operations. 

S  C  H  O  L, 

It  may  be  obferved,  that  if  the  multinomial  A +B 
-f-  C  +  D  &c.  be  raifed  to  the  mth  power,  and  the 
given  form,  whole  number  of  compofitions  is 
fought,  be  found  among  the  terms  of  that  power ; 
the  numeral  coefficient  annext  to  it,  will  always  be 
the  number  of  variations  V,  that  we  want.  See 
my  Algebra,  Schol.  to  Prob.  L1X.  B.  I.  Thus  for 
the  form  alblcy  look  in  the  fixth  power,  and  you'll 
find  6oA'B2C  ;    therefore  60  zz  V.     Alio  in  the 

fifth 
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fifth  power,  you'll  find  3oA*BzC,  therefore  Vz^o, 
for  the  variations  of  azblc.  Alfo  with  a^  in  the 
fixth  power,  you'll  find  20  for  V  •,  and  fo  of  others. 
And  this  being  known,  this  do&rine  may  be  fer- 
viceable  for  finding  the  unciae  of  any  term  of  a  mul- 
tinomial. As  fuppofe  you  have  the  4th  term  of  the 
7th  power  of  A+B+C  &c.  which  is  A4B%  A*BC, 
and  A6D, 
The  variations  of  A4B*  is     1.2.3.4.5.6.7 

1.2.3.4x1.2.3  " 

and  the  variations  of  A5BC  zz  Im2"3'4'5-  *7  =  ^ 

1.2.3.4.5 

and  the  variations  of  A6D  zz  i'2-3-^5»  -7 

1.2.3.4.5.6 
therefore  the  complete  term  is  35A4-B5  +  42A*BC 
+  7A6D.  And  the  fame  may  be  done  for  any  0* 
ther  term,  if  the  letters  that  compofe  it  be  known? 
The  doctrine  of  Combinations  and  Permutation?* 
is  likewife  applicable  to  many  other  purpofes,  par- 
ticularly to  feveral  problems  of  chance,  which  for 
brevity's  fake  I  omit. 
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CHRONOLOGY: 

Or,  the  ART   of 

Reckoning  TIME. 

DESCRIBING 

The  fereral  Divifions  of  Time  in  common  Ufe ; 
the  Nature  and  Original  of  Cycles  and  Pe- 
riods, and  the  mod  remarkable  Aera's  ;  and 
the  manner  of  Computing  the  Numbers  of  fuch 
Cycles,  or  the  Common  Notes,  for  any  Year  ; 
the  moveable  Feafls ;  the  Places  of  the  Sun  and 
Moon  5  and  the  Nature  of  the  Calendar, 

Founded  upon 

Astronomical  Principles. 

To  which  is  added, 
A    Short    Chronological    Table, 


res  antique  laudis  it  art  is 

ingredior,    — — —   Virg, 
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J  Suppofe  little  or  nothing  need  be  faid  in  praife  of 
an  art)  which  we  ft and  in  need  oj ,  and  are  forced 
to  practice  every  day  -,  and  fuch  is  the  art  of  Chrono- 
logy. Without  this  art  we  could  not  tell  how  time 
goes  on,  nor  underftand  the  difference  of  times  and 
feafons.  We  daily  want  to  know  the  rijing  and  fet ting 
of  the  fun  and  moon,  the  increafe  or  decreafe  and  the 
length  of  days,  the  moon's  changing  and  full,  and 
fuch  like  things, 

'There  is  fuch  a  near  connection  between  Aftronomy 
and  Chronology,  that  fome  authors  treat  of  them  to- 
gether•,  and  in  this  Treat  if e  I  have  laid  down  fuch 
aftronomical  problems  as  are  always  wanted  in  Chro- 
nology ;  which  are  here  folved  or  rather  reckoned,  af- 
ter a  fhort  way  for  common  ufe.  But  to  have  them 
accurate,  muft  be  performed  more  laborioujly  by  Aftro* 
nomy* 

As  Chronology  is  of  fuch  fervice  in  reckoning  time, 
and  every  body  has  fome  bufinefs  or  other  with  time  \ 
therefore  every  body  jhould  at  leaf  know  the  uje  of  the 
Calendar,  and  the  common  Chronological  notes  -,  and  be 
acquainted  with  fo  much  Chronology,  as  to  be  able  to 
point  cut  the  feveral  times  and  feafons,  as  they  are 
difiinguilhed  in  the  country  where  he  lives.  There- 
fore  I   have' here  pit  together  the  eafi eft  elements  of 
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Chronology,  or  thofe  of  mofi  frequent  ufe,  being  fuch 
as  relate  to  the  civil  computations  of  time. 

Chronology  is  abfolutely  neceffary  to  be  known  by 
all  fuch  as  want  to  underftand  hiflory  \  without 
which  he  will  wander  in  the  dark,  and  be  always  at 
a  lofs.  For  as  the  Hiflory  tells  us  the  perfon  that 
acls,  and  Geography  gives  us  the  place  of  aclion,  fo 
Chronology  muft  give  us  the  time  of  acling  ;  without 
which  we  Jhall  have  very  imperfecl  notions  of  what 
we  read.  For  this  reafon,  I  have  added  a  Chronolo- 
gical table,  containing  the  moft  memorable  aclions 
that  have  happened,  and  the  mofi  remarkable  events ; 
and  the  times  when  the  mofi  famous  men  were  alive. 

It  is  true,  the  Chronology  of  ancient  times  is  very 
6b f cure  and  uncertain  -,  for  though  the  facls  are  mofily 
true,  yet  thefe  being  annexed  to  wrong  periods  of  time, 
has  occafioned  infinite  perplexities  and  inconfiftencies  in 
Chronology,  which  flood  in  great  need  of  amendment. 
For  this  reafon  Sir  I.  Newton  Jet  about  retlifying  the 
times,  which  he  did  with  wonderful  fagacity  -,  and  has 
given  us  a  table  of  ancient  tranfaclions,  adjufied  to 
their  proper  periods  of  time,  as  far  as  he  had  any  da- 
ta to  work  by,  and  perhaps  as  far  as  it  is  poffible  to  be 
done  in  this  age.  By  this  means  he  has  made  a  great 
many  events  in  hiflory,  furprifmgly  to  agree.  'This  he 
effehed  by  reafoning  from  the  lengths  of  generations  of 
men,  and  of  the  reigns  of  kings,  and  by  aftronomical 
cbfervations,  where  they  could  be  had  -,  and  thefe  are 
infallible  guides. 

For  to  confirm  the  time  of  any  tranf aclion,  fever al 
characters,  taken  from  Agronomy,  are  of  efpecial ufe  ; 
as  the  edipfes  of  the  fun  and  moon,  the  conjunclions  of 
the  fuperior  planets,  the  acronical  rifing  or  jetting  of 
the  ftars,  the  occultation  of  the  fixt  ftars  by  the 
moon,  the  places  of  the  equinoctial  points,  and  fuch 
like.  Thefe,  when  taken  notice  of  by  any  hiflorian, 
go  a  great  way  in  determining  the  time  of  any  attion  or 
event,  then  mentioned. 

But 
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Bui  fome  perverje  people,  bigot  ted  to  another  way, 
and  refolved  to  oppofe  all  improvements ;  not  content 
with  what  Sir  I.  Newton  had  done,  have  ventured  to 
write  againfi  him  \  tho*  they  cannot  tell  how  to  give  a 
better  fyfi  em,  or  clear  the  common  fy ft  em  of  Chronolo- 
gy from  its  known  inconfiftencies.  In  what  they  ad- 
vance, they  only  give  us  the  chaff  and  the  corn  toge- 
ther -,  fome  truths  mixt  with  endlefs  faljhoods,  abfurdity 
and  nonfenfe ;  knowing  no  way  to  feparate  them,  and 
wanting  Sir  Ifaac'j  philofophical  fieve  -,  fo  they  blun- 
der on  in  the  old  road,  and  flick  faft  among  their  ab- 
furdities,  not  knowing  how  to  extricate  themfelves. 
Some  of  them  attempt  to  confute  Sir  IfaacV  agrono- 
mical computations,  which  perhaps  may  go  down  with 
fuch  as  are  no  judges  ;  but  will  be  laughed  at  by  fuch 
as  are  -,  for  when  things  are  examined,  they  appear  to 
be  mo/t  wretched  computers.  'The  way  to  confute  him 
is  to  invalidate  his  proofs,  which  they  can  never  do. 
Therefore  the  table  I  have  annex t  is  moftly  taken  from 
his  table,  as  being  evidently  the  moft  confident  fcheme 
that  has  yet  appeared. 


W.  Emerfoa. 
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DEFINITIONS. 

D  E  F.    I. 

£HRONOLOGY  is  the  art  of  meafuring  time, 
and  adjufting  all  actions  and  events,  to  the  fe- 
veral  points  of  time  in  which  they  happened.  And 
thefe  parts  of  time  are  years,  months,  weeks,  days, 
hours,  minutes,  feconds,  &c. 

D  E  F.    II. 

A  Year  is  the  time  wherein  the  fun  ( apparently) 
moves  round  the  earth  in  its  orbit,  or  the  earth 
f  really  J  moves  round  the  fun.  This  is  the  moft 
obvious  and  fenfible  meafure  of  large  portions  of 
time. 

D  E  F.     III. 

The  agronomical  or  periodical  Year^  is  the  time 
wherein  the  earth  moves  round  the  fun,  from  any 
ftar  or  fixt  point  in  its  orbit,  to  the  fame  point  a- 
gain,  and  confifts  of  365  days*  6  hours,  9  minutes, 
14  feconds. 

D  E  F.     IV. 

The  tropical  Tear  is  the  time  wherein  the  earth 
for  fun)  performs  its  revolution  thro5  all  the  feafons ; 
which  being  ended,  they  all  return  again  as  before. 
It  confifts  of  365  days,  5  hours,  48  min.  57  fee. 

D  E  F.    V. 

The  Egyptian  Year  is  the  ancient  year  ufed  by 
the  Egyptians,  and  now  ufed  by  the  Perftans>  and 
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is  juft  365  days  continually.  This  being  fhorter 
than  the  tropical  year  by  near  6  hours,  a  day  is  loft 
in  4  years -,  and  in  about  1500  years,  the  begin- 
ning of  the  year  moves  backward  thro'  all  the  fea- 
fons.  This  year  is  the  moft  convenient  for  aftro- 
nomical  calculations,  as  it  is  always  the  fame,  hav- 
ing no  intercalary  days  to  interrupt  it. 

D  E  F.      VI. 

The  Julian  Tear  is  the  year  inftitutcd  by  Julius 
Ca[ay\  46  years  before  Chrift.  It  contains  365 
days  for  three  years,  which  are  called  Common 
Tears  \  and  366  days,  every  fourth  year,  which  is 
called  Leap  Tear  ;  whence  the  Julian  Year  is  365-I 
days  at  a  mean.  But  this  year  being  longer  than 
the  tropical  year  by  full  1 1  minutes,  a  day  is  gained 
in  130  years  •,  or  the  feafons  come  fooner  by  a  day 
in  130  years.  And  in  47540  years  the  beginning 
of  the  year  would  move  forward,  thro5  all  the  fea- 
fons of  the  year. 

D  E  F.      VII. 

The  Gregorian  Tear,  is  the  year  inftituted  by  Pope 
Gregory,  in  1582  •,  it  confifts  of  $6$  days  for  three 
years,  and  366  for  the  fourth,  which  is  leap  year, 
like  the  Julian.  But  then  every  hundredth  year, 
that  is,  not  divifible  by  4,  muft  be  only  a  common 
year,  inftead  of  a  leap  year. 

This  fort  of  year  is  nearefl  the  tropical  year  of 
any,  and  agrees  nearly  with  the  apparent  motion 
of  the  fun,  and  is  defigned  to  keep  pace  with  the 
tropical  year.  But  it  is  very  unfit  for  aftronomical 
calculations,  being  perplext  with  fo  many  interca- 
lations. 

It  was  contrived  to  be  brought  to  the  fun's  mo- 
tion as  it  wan  at  the  time  of  the  council  of  Nice, 
in  325  •,  which  was  done  by  dropping  10  days  out 
of  the  Calendar  in  the  month  of  October,     In  the 
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laft  century  it  was  10  days  before  the  Julian  ac- 
count ;  and  in  the  prefent  century,  is  1 1  days  be- 
fore the  Julian  year  ;  and  gains  one  day  more, 
every  following  century,  except  in  fuch  as  are  ex- 
actly divifible  by  4.  But  it  is  flrange  that  the 
Pope  mould  bring  back  the  beginning  of  the  year, 
only  to  the  Nicene  council  •,  when  it  ought  to  have 
been  brought  back  to  the  time  of  Julius  Csefar, 
when  the  error  was  firft  begun  ;  at  which  time  the 
vernal  equinox  was  on  March  24  or  25.  And  then 
inftead  of  10  days,  13  or  14  mould  have  been  cut 
off. 

This  year  was  brought  into  ufe  in  England  in 
the  year  1752  •,  before  which,  the  Julian  account 
was  always  ufed.  It  was  effected  by  ftriking  out 
1 1  days  in  September,  calling  the  third  day  the  four- 
teenth; and  fo  on.    And  the  year  to  begin  on  Jan.  1 . 

D  E  F.     VIII. 

The  civil  Tear  is  the  year  which  is  in  common 
ufe  in  any  nation.  Thus  the  Julian  year  was  ufed  in 
England  till  1752,  and  after  that  the  Gregorian 
year  was  to  be  always  ufed. 

Different  nations  begin  the  year  at  different  times. 
The  ancient  Egyptians  fixt  its  beginning  in  Auguft  •, 
the  Athenians  and  Grecians^  at  the  fummer  folftice  •, 
fome  places  in  Germany  and  Italy r,  at  the  vernal  equi- 
nox -,  and  others  at  the  autumnal  equinox.  BuMnoft 
of  the  Europeans  begin  it  at  the  firft  of  January  ;  as 
England  does  by  a  late  act  of  parliament. 

The  year  is  divided  into  12  months-,  as  alfo 
into  four  quarters,  for  the  four  feafons  of  the  year  ; 
fpring,  fummer,  autumn,  and  winter. 

D  E  F.      IX. 

The  hnar  Tear  confifts  of  12  lunations,  or 
354  days ;  it  is  ufed  by  the  Turks  and  Mahometans. 
It  runs  thro'  all  the  feafons  in  32  years. 

DEF. 
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D  E  F.    X. 

The  lunifolar  Year,  is  the  moft  ancient  year  of 
all-,  it  confifted  of  12  lunations  or  months  of  30 
days  each ;  which  fell  fhort  of  the  folar  year,  and 
therefore  they  were  obliged  to  add  a  month,  when- 
ever they  found  it  too  fhort  for  the  return  of  the 
feafons ;  and  to  omit  a  day  or  two  in  an  intercalary 
month,  when  they  found  it  too  long  for  the  courfe 
of  the  moon. 

DEF,      XI. 

A  Tear  current  is  a  year  running  on,  and  not 
yet  compleated.     The  fame  of  days,  &c. 

DEF.     XII. 

A  Month  is  the  12th  part  of  th€  year. 

DEF.      XIII. 

A  folar  Month  is  the  time  of  the  fun's  palling 
thro'  a  fign  of  the  zodiac. 

DEF.      XIV. 

A  lunar  or  fy nodical  Months  is  the  time  between 
one  conjunction  of  the  fun  and  moon  to  another. 
It  confifts  of  29  days,  12  hours,  44  min.  at  a  mean 
lunation. 

DEF.     XV. 

Periodical  Month,  is  the  time  of  the  moon's  re- 
volution, till  it  came  again  to  the  fame  point,  or 
the  fame  ftar.     It  is  27  days,  7  hours,  43  min. 

DEF.     XVI. 
Civil  or  calendar  Month,  is  the  length  of  30  or 
31  days,  according  as  is  fet  down  in  the  Calendar. 
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D  E  F.    XVII. 

A  month  of  weeks ;  this  con  fills  of  four  weeks ; 
and  13  of  thefe  months  make  a  year,  wanting  a 
day. 

D  E  F.     XVIII. 

A  week  is  a  collection  of  feven  days,  the  1  ft  day  is 
funday,  2  monday,  3  tuefday,  4  wednefday,  5 
thurfday,  6  friday,  7  faturday ;  then  they  come  a- 
bout  again  in  the  fame  order.  Thefe  days  hav£ 
their  names  from  the  feven  planets. 

D  E  F.     XIX. 

A  day  is  the  time  wherein  the  fun  feems  to  make 
one  revolution.  This  is  the  moft  fenfible  part  ot 
time  for  meafuring.the  fmall  parts  of  it. 

D  E  F.     XX. 

A  natural  day,  is  the  time  wherein  the  fun  moves 
round  the  earth,  from  one  meridian  to  the  fame 
again.  This  is  longer  by  about  four  minutes,  than 
the  time  of  the  earth's  rotation. 

Different  people  begin  the  day  differently.  The 
Aftronomers  and  Arabians  begin  the  day  at  noon  the 
preceding  day,  and  end  it  at  noon  again.  The 
Jews,  Italians,  Athenians,  Auftrians  and  Bohemians^ 
begin  their  day  at  fun-fet  the  preceding  evening, 
and  reckon  till  fun-fet  again.  The  Babylonians  be- 
gin and  end  their  day  at  fun-rife.  The  ancient  E- 
gyptians,  and  mod  Europeans,  begin  the  day  at  mid- 
night preceding,  and  reckon  to  the  midnight  fol- 
lowing. 

D  E  F.     XXI. 

An  artificial  or  jhining  day,  is  the  time  the 
fun  is  above  the  horizon,  or  the  time  between  fun- 
rife  and  fun-fet.  And  night  is  the  time  of  the  fun's 
abfence. 

DEF. 
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D  E  F.    XXII. 

An  hour,  is  the  24th  part  of  a  natural  day.  The 
Italians  reckon  to  24  hours  \  moil  others  reckon  to 
twice  12. 

D  E  F.     XXIIL 

Planetary  hour,  is  the  12  th  part  of  the  time  of 
the  fun  fhining  j  as  alfo  the  12th  part  of  the  time 
of  his  abfence. 

The  Jews  and  ancient  Romans  divided  the  day 
into  1 2  hours,  whether  long  or  fliort -,  and  begun 
to  reckon  their  hours  at  fun-rife,  and  ended  at  fun- 
fet,  when  they  began  ro  reckon  the  hours  of  the 
night,  which  they  alfo  divided  into  12  parts  or 
hours.  Whence  the  hours  of  their  day  were  lon- 
ger than  the  hours  of  their  night  in  fummer ;  and 
fhorter  in  winter.  The  Turks  ufe  this  way  at  pre- 
fent. 

D  E  F.    XXIV. 

A  minute  is  the  60th  part  of  an  hour ;  a  fecond 
the  60th  part  of  a  minute  -,  and  fo  of  thirds?  fourths, 
&c. 

D  E  F.     XXV. 

A  period  or  cycle,  is  a  certain  fpace  of  time,  or 
a  revolution  of  a  certain  number  of  years,  which 
being  ended,  it  begins  anew.     Thus, 

The  Julian  period  confifts  of  7980  years;  the 
product  of  the  numbers,  19,  28,  15.  This  period 
was  4713  at  the  beginning  of  the  Chriftian  Era. 

The  Dionyfian  or  Viclorian  period  is  532  years, 
being  the  product  of  19  and  28.  This  period  was 
457  at  the  beginning  of  the  Chriftian  Era.     And, 

D  E  F.     XXVI. 

An  Era  is  a  particular  account  or  reckoning 
of  time,  from  fome  remarkable  point ;  to  which 
account    all    events  and  memorable    actions    are 
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referred.     This  has  a  beginning  but  no  ending,  as 
a  period  has. 

The  following  are  the  moft  remarkable  Era's, 
according;  to  the  common  account. 


Of  the  world, 
Noah's  flood,  — 

Of  the  Olympiads  (Greek) 
Building  of  Rome  (Roman) 
Nabonaflar,  ■ 

Of  ChrhTs  birth, 

Years  after  Chrift. 
Dioclefian  perfecution,  284 

Hegira,  among  the  Turks,  622 

Gefdegird,  among  the  Perfians,      632 

D  E  F.    XXVII. 

Epocha  is  the  firft  point  of  time,  or  the  begin- 
ning of  an  Era. 

D  E  F.     XXVIII. 

Stile^  the  method  of  reckoning  time.  The  Ju- 
lian ftile  is  the  old  Jlik^  in  ufe  from  the  time  of  Ju- 
lius Caefar.  The  Gregorian  ftile^  is  that  begun  by 
Pope  Gregory r,  called  the  new  fide ;  and  uied  in 
England  fince  1752. 

D  E  F.     XXIX. 

The  Calendar  is  a  day  book  for  a  year,  divided 
into  twelve  parts  for  the  twelve  months,  and  each 
month  into  its  proper  number  of  days,  all  regu- 
larly numbered ;  which  numbers  are  to  fhew  the 
day  of  the  month. 

The  names  of  the  months  from  the  beginning  to 
the  end  of  the  year,  and  the  days  in  each  are,  Ja- 
nuary 31,  February  28,  March  31,  April  30,  May 
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31,  June  30,  July  21,  Auguft  31,  September  30, 
October  31,  November  30,  December  31  :  in  leap 
year  February  hath  29.  The  number  of  days  in 
each  month  may  be  remembered  by  thefe  lines, 

30  days  hat  6  September, 
April,  June,  and  November* 
February  has  28  alone, 
And  all  the  reft  have  31* 

Againft  the  days  of  the  month  in  the  Calendar, 
are  fet  all  the  remarkable  days,  holy  days,  feftivals, 
term  times,  with  fuch  Phenomena  of  the  fun  and 
moon,  as  are  ufeful  for  meafuring  and  determining 
the  feveral  times  and  feafons  of  the  year,  but  es- 
pecially all  the  fixt  days  ;  for  if  the  moveable  days 
are  infer  ted,  it  is  more  properly  an  Almanack,  and 
lads  only  for  a  year  -,  whilft  the  Calendar  is  per- 
petual. 

Every  week  is  divided  into  feven  days,  which 
are  denoted  by  the  firft  feven  letters  of  the  alpha- 
bet, A,  B,  C,  D,  E,  F,  G;  A  is  fet  at  the  firft 
day  of  January,  B  at  the  fecond,  C  the  third,  &c. 
all  following  in  order,  and  keep  their  places  in- 
variable. The  letter  that  falls  on  a  funday  is  called 
the  Dominical  letter. 

Since  a  common  year  has  365  days,  or  52  weeks 
and  one  day  ;  therefore  A  will  (land  againft  the  laft 
day  of  the  year,  as  well  as  againft  the  firft.  There- 
fore if  any  year  begins  on  a  funday  it  will  alfo  end 
on  a  funday  •,  and  therefore  the  next  year  will  be- 
gin on  a  monday  ;  and  therefore  the  next  year,  to 
that,  on  a  tuefday  •,  and  the  next,  on  a  wednefday.; 
and  fo  on  till  a  leap  year  happens,  when  February 
has  29  days,  and  then  that  year  goes  forward,  or 
leaps  two  days.  And  hence  it  follows,  that  the 
funday  letter  for  each  fucceeding  year  moves  one 
letter  back,  in  this  order,  A,  G,  F,  E,  &c.  till 
leap  year,  and  then  it  moves  two  letters  back. 

la 
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In  the  yearly  Diarys  or  Almanacks,  the  Sunday 
letter  is  commonly  marked  a  red  letter,  to  denote 
it  belongs  to  Sunday.  For  all  nations  fet  apart 
one  day  in  the  week  for  publick  worfhip.  The 
Chriftians  obferve  the  firft  day  in  the  week,  or  Sun- 
day, which  they  call  the  Lord's  day.  The  Gre- 
cians^ Monday  ;  the  Perfians,  Tuefday ;  the  Ajjy- 
rianSy  Wednefday;  the  Egyptians,  Thurfday  ;  the 
Turks,  Friday;  the  Jews,,  Saturday,  which  they 
call  the  Sabbath. 

Befides  the  periods  or  cycles  before  mentioned, 
there  have  been  feveral  others  in  ufe  among  the 
ancients ;  as  a  Jubilee  49  years,  ufed  by  the  Jews. 
An  Olympiad  4  years,  ufed  by  the  Greeks.  A 
Luftrum  5  years,  ufed  by  the  Romans ;  and  the 
Roman  Judicature  15  years.  An  Age  or  Century 
100  years. 

Scholium. 

I  fhall  here  make  fome  remarks  concerning  the 
calendar  and  the  divifion  of  the  year;  not  only 
in  their  prefent  form,  but  as  formerly  ufed. 

Before  the  time  of  Julius  Cxfar,  the  months 
confuted  alternately  of  29  and  30  days,  by  which 
means  the  new  moon  kept  to  the  firft  day  of  every 
month,  when  once  rightly  adjufted ;  and  their 
year  always  begun  with  the  new  moon  nearer!  the 
vernal  equinox.  But  afterwards,  by  the  order  of 
Julius  Coefar,  the  months  were  made  to  confiit  of 
30  and  31  days  alternately,  and  the  lafl  of  29  ; 
which  made  up  the  year,  or  365  days.  And  the 
year  begun  at  March.  The  months  and  days  were 
as  follows, 


and 
But 
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March  31 

July 

November 

3i 

April    30 

Auguft 

30 

December 

30 

May      31 

Septem. 

31 

January 

3l 

June     30 

October 

30 

February 

29 

30  in  leap  ye; 

jr. 
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But  this  regular  and  uniform  method  was  al- 
tered by  Augufius  Cafar^  who  made  Auguft  31, 
and  February  28,  and  the  reft  as  we  have  them 
now.  But  tho'  the  faid  uniform  method  of  com- 
puting, was  altered  at  the  pleafure  and  humour  of 
a  Roman  tyrant ;  yet  it  is  ftrange  that  none  re- 
llored  it  again  after  his  death,  upon  account  of 
its  fimplicity. 

This  Julian  year  with  its  months  thus  difpofed, 
has  feveral  advantages ;  as  1.  the  year  beginning 
at  March;  the  intercalary  day,  in  leap  year, 
would  come  in  at  the  end  of  the  year,  where  it 
ought  to  be,  and  would  difturb  nothing.  Thus 
in  leap  year,  Feb.  30  would  be  the  laft  day  of  the 
year.  2.  From  this  diftribution  of  the  months 
into  days,  it  will  follow,  that  if  the  day  of  the 
moon's  changing  in  March,  is  known  for  any  year, 
it  will  be  known  in  all  the  following  months,  ac- 
cording to  her  mean  motion,  by  continually  ad- 
ding a  day  for  every  month  paft  March  -,  becaufe 
each  month  taken  one  with  another,  is  a  day  lon- 
ger than  the  moon's  fynodic  revolution.  3.  The 
year  beginning  at  March,  it  would  be  near  the 
time  when  the  fun  is  in  the  vernal  equinox,  which 
is  the  beginning  of  all  aflronomical  computations. 

It  is  certain,  the  more  fimple  any  account  of 
time  is,  the  more  eafy  and  regular  will  any  com- 
putation be,  that  depends  upon  it.  But  the  year 
now  in  ufe  is  quite  otherwife.  For  the  beginning 
of  the  year  is  fixt  to  the  firft  of  January ;  and  the 
intercalary  or  additional  day,  which  comes  in  e- 
very  fourth  or  leap  year,  is  added  at  the  end  of 
February  •,  which  in  effect  makes  two  beginnings 
of  the  year.  For  at  the  beginning  of  January, 
there  is  a  change  of  the  dominical  letter,  and  of 
every  other  thing  depending  on  it.  And  on  the 
firft  of  March  there  is  another  change  of  the  do- 
minical letter,    and  of   all   other  things  relating 

thereto. 
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thereto.  So  that  one  fragment  of  the  year  is  regu- 
lated by  one  rule  -,  and  another,  by  another  rule  ; 
which  is  a  manifeit  abfurdity.  For  it  mud  needs 
appear  abfurd  to  any  body,  to  fee  an  additional 
day  thruft  into  the  middle  of  a  year,  where  there 
is  no  room  for  it.  But  this  is  not  all,  for  in  the 
times  following  Julius  Ccefar,  this  intercalary  day 
was  abfurdiy  thrufc  into  the  middle  of  a  month  ; 
and  the  24th  of  February  was  to  be  reckoned  twice 
over  •,  as  if  it  were  poffible  for  one  day  to  be  two, 
or  two  days  to  be  only  oae  day. 

It  may  be  faid  for  excufe,  that  moft  of  Europe 
follows  that  way  of  reckoning,  and  therefore  we  in 
England,  for  the  converiiency  of  correfponding  with 
them,  ought  to  follow  the  fame.  However,  all  na* 
tions  that  obferve  this  fort  of  year,  mult  labour  un- 
der the  like  abfurdities. 

When  Pope  Gregory  altered  the  civil  year,  and 
impofed  it  upon  all  Chriflendom  to  obferve ;  he 
mould  have  rectified  it  to  the  time  of  Chrift's  birth, 
and  not  to  the  time  of  the  council  of  Nice,  For 
our  epocha  is  not  dated  from  the  Nicene  council, 
but  from  the  birth  of  Chriir.  And  at  that  time  the 
vernal  equinox  was  not  on  the  21ft  of  March,  but 
on  the  24th  or  25th. 

When  the  Proteftant  flates  of  Germany  came  to  a 
refolution  to  alter  the  Calendar,  they  would  not  re- 
ceive the  Pope's  mandate,  but  did  it  in  their  own 
way,  after  this  manner.  They  ordered  that  eleven 
days  mould  be  left  out  of  February  after  the  iSth 
day,  in  the  year  1 700.  So  that  inftead  of  writing 
Feb.  19,  they  mould  v/rite  March  1.  And  that  the 
time  of  Eafter  for  the  future  mould  be  determined 
by  agronomical  calculation  ;  which  was  to  be  the 
rirft  funday  after  the  firfl  full  moon  after  the  vernal 
equinox.  Or  the  funday  after,  when  the  full  moon 
fell  on  a  funday. 

B  As 
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As  to  our  Calendar,  as  now  ordered  by  the  Stile 
aft,  it  keeps  the  fame  form,  yet  it  differs  in  this 
particular,  that  the  golden  numbers  are  fet  to  the 
full  moons  in  each  month,  and  not  to  the  change, 
as  formerly  -,  which  variation  feems  to  have  no  man- 
ner of  advantage  in  it,  but  a  manifeft  difadvantage. 
For  it  is  more  material  to  know  the  moon's  change, 
than  the  full,  in  every  month  except  March. 

To  enquire  particularly  what  fort  of  a  year,  or 
what  kind  of  computation,  had  been  the  mod  con- 
venient •,  we  mail  mention*  feveral  ways  that  it  may, 
or  rather  might  have  been  ordered.     And, 

i.  As  the  year  confifts  of  365  days,  5  hours,  49 
minutes  very  near.  It  might  have  been  ordered  to 
donfift  cf  365  days  for  three  years,  and  366  every 
fourth  year,  as  the  Julian  year  does.  And  placing 
the  odd  day  at  the  end  of  December  •,  beginning 
the  year  with  January.     Or, 

2.  The  Julian  account  might  be  preferved,  and 
the  odd  day  put  at  the  end  of  February  -,  and  the 
year  to  begin  at  March.  Then  altering  the  domi- 
nical letters  in  January  and  February,  lb  as  to  be 
Continued  from  December  in  alphabetical  order. 

3.  The  year  might  always  have  begun  on  the 
fame  day  of  the  week,  as  fuppofe  on  fund  ay,  which 
would  have  much  facilitated  any  computation  by 
the  day  of  the  month.  But  it  would  have  happened 
that  we  fhould  always  have,  at  the  end  of  the  year, 
two  fattirdays,  and  fometimes  three.  But  I  know 
of  no  inconvenience  this  could  have  been ;  and  it 
would  have  had  that  advantage,  that  the  firfl  day 
of  the  week  would  alfo  have  been  the  hrfr  day  of 
the  year. 

4.  But  this  might  at  leaft  have  been  dene,  viz. 
continuing  the  Julian  year  as  it  was,  only  beginning 
the  year  at  March  1.  For  the  Julian  year  is  very 
near  rh^  folar  yenr,  and  is  very  commodious  for 
calculation,    being  a  mean   between  the  aftrono- 

mical 
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mical  and  tropical  years.  And  is  attended  with 
ho  other  inconvenience,  but  a  fmall  alteration  of 
the  feafons,  the  terms,  fairs,  &c.  which  might 
have  been  mended  by  putting  them  forward  about 
a  week  in  a  thoufand  years,  by  an  act  of  parlia- 
ment. Whilit  fhifting  the  year  to  agree  with  thefe, 
is  like  fhifting  the  fire  to  a  man,  to  fave  him  the 
labour  of  going  to  it.  But  be  the  convenience  or 
inconvenience  what  it  will,  we  muft  be  forced  to 
take  up  with  what  we  have.  However  we  know 
this,  that  we  had  but  one  account  to  follow  before, 
and  now  we  have  two  to  follow. 

P  R  O  B.     I. 

"To  find  how  many  years  it  is  after  leap  year. 

By  the  Gregorian  account,  which  is  the  account 
we  alfo  follow  ;  every  hundredth  year  that  is  di- 
vifible  by  4,  is  a  leap  year,  and  the  others  not. 
And  moreover,  every  common  year  that  is  divi- 
fible  by  4,  is  leap  year,  and  the  reft  not.     Whence, 

RULE. 

Divide  the  year  of  our  Lord  by  4,  and  the  re- 
mainder (hews  how  long  it  is  after  leap  year :  if 
o  remains  it  is  leap  year. 

This  holds  for  both  Julian  and  Gregorian  ac- 
counts. But  in  the  Gregorian,  no  even  hundreds 
are  leap  years,  but  fuch  as  can  be  divided  by  4. 


B  2  Example 
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Example  2. 
Let  the  year  be  1769. 

4)1769(442 
16 

16 

16 


1  the  firft  after  leap  year. 


P  R  O  B.    It 

To  find  on  what  day  of  the  week>  a  given  day  of 
the  month  falls  on. 

RULE. 

The  initial  letters  of  the  words  in  the  following 
two^  lines,  are  the  dominical  letters  for  the  firft 
day  of  each  month  in  order  ;  whence  it  is  edy  to 
reckon  any  day  by  the  dominical  letter. 

A  dram  did  give  Ben  eafe  ; 
Good  cheer,  for  all  did  freeze. 

Ex  amp. 

On  May  16,  1769;  the  Sunday  letter  is  A,  and 
£  (Ben)  is  May  ijly  whence  A  is  the  7th,  therefore 
the  7,  14,  21,  28  are  all  Sundays;  and  therefore 
the  1 6th  is  Tuejday. 


PROB, 
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PROB,     III. 

*£o  find  the  cycle  of  the,  fun,  or  the  number  of  ity 
for  any  year. 

The  cycle  of  the  fun,  or  rather  of  the  Sunday 
letter,  is  a  period  of  28  years  ;  in  which  time  it 
ihews  all  the  variations  of  the  dominical  letter. 
And  this  period  being  ended,  all  the  numbers  and 
correfpondent  letters,  return  again  in  the  fame  or- 
der, for  ever,  by  the  Julian  ftile  ;  but  only  till  the 
century  is  out,  by  the  Gregorian.  Its  principal 
ule  is  to  find  the  Sunday  letter ;  but  it  is  alfo  an 
ingredient  in  the  Julian  period. 

RULE. 

Add  9  to  the  year  of  Chrift,  and  divide  the  fum 
by  28  ;  the  remainder  is  the  number  of  the  cy- 
cle.    If  o  remains,  take  28. 

Examp. 

Let  the  year  be  1769. 

9 

28 


W 


98 

rem.   14  the  fun's  cycle. 


S  c  h  o  L. 

The  cycle  of  the  fun  continues  always  the  fame, 
end  alfo  the  connexion  of  the  numbers,  with  the 
letters,  according  to  the  Julian  form.  But  the 
connection   of  the  numbers  with  the   letters,   by 

B  3  ths 
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the  Gregorian  ftile,  is  variable-,  any  cycle  lafting 
but  100  years,  and  then  a  new  cycle  is  to  take 
place. 

P  R  O  B.     IV. 

To  find  the  dominical  letter  or  letter  s^  for  any  year. 

I  i    R  U  L  E. 

.Add  17  to  the  year  of  the  Lord,  and  divide  the 
fum  by  28  ;  the  remainder  being  found  in  the  old 
cycle  below,  fhews  the  dominical  letter,  for  the 
new  ftile.  If  o  remain,  take  28.  This  rule  holds 
only  till  1800. 

For  the  old  ftile ',  feek  the  number  of  the  fun's 
cycle  (found  by  the  laft  Prop. )  in  the  old  cycle 
below,  and  againft  it  is  the  dominical  letter. 
This  holds  for  ever. 

Note*  there  are  two  letters  in  leap  year  -,  one 
holds  till  the  end  of  February  -,  the  other  to  the 
year's  end. 

The  old  Cycle. 


1  Gi 

5  tih 

9  DC 

1  s  r  L 

17  aG 

21  CB 

25  1:  U 

2  E 

6  G 

10B 

14  D 

18  F 

22  A 

26  C 

3  D 

7  F 

n  A 

iVC 

19  £ 

2«G 

27  B 

4C 

8  E 

12G 

16B 

?o  D 

24  F 

28  A 

To   make  this  rule  general  for  the  new  Mile ; 


inftead 
1900, 
from  2 
add  » 6 
cept  fu 
ditions 
gain  ; 


between  th< 


beginning  of  1800  and 


of  17, 

add   5,  between   1900  and  2100,  add   21  ; 

100  to  2^00,  add  9,  &c.    And  in  general, 

more  at  every   hundred  years  forward,    ex- 
ch  as  are  dividble  by  4.     But   after  7  ad- 

of  16,  the  fame   numbers  will  return   a- 
that  is,  after  8  hundred  years. 


Example 
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Example. 
What  is  the  dominical  letter  for  1769  ? 


1769 

*7 

28)1786(63 
168. 


But  for  old  ftile,  14 
(the  number  of  the  cycle) 
ftands  againft  D. 


22  zA  in  the  old 
cycle,  for  new  ftile. 


To  fhew  the  truth  of  this  rule  for  all  future  ages. 
Here  we  keep  to  the  old  cycle  and  pofition  of  the 
letters,  without  alteration  •,  and  find  new  additional 
numbers  for  every  fucceeding  century ;  becauie 
every  century  (except  the  4th)  is  a  common  year, 
and  therefore  the  Julian  account  is  difturbed  at 
thefe  times,  and  requires  an  alteration. 

In  the  Julian  account  the  additional  number  is 
perpetually  9,  becaufe  it  was  9  at  the  beginning 
of  the  Chriftian  era.  And  as  the  whole  contri- 
vance was  arbitrary;  the  firft  year  of  the  cycle  was 
made  a  leap  year,  and  fet  to  the  letter  GF,  the 
2d  is  E  ;  the  3d  D  ;  the  4th  C,  the  5th  BA,  be- 
ing leap  year  again  ;  and  fo  on  till  it  come  to  28, 
when  it  begins  again.  For  if  there  was  only  a 
fingle  change  of  the  dominical  letter  every  year, 
the  cycle  would  be  completed  in  7  years.  But 
fince  in  every  4th  year  there  is  a  change  of  two 
letters,  therefore  this  cycle  will  confitt  of  4  times 
7,  or  28  years-,  which  being  completed,  all  the 
letters  return  again  in  the  fame  order. 

Now   to   make   a  tranfition  from  the  Julian  to 

the  Gregorian  account.     The  ftile  was  altered  in 

B  4  1752, 
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1752,  a  leap  year-,  and  the  Julian  letters  ED, 
that  is,  D  for  the  end  of  the  year.  Nov/  by 
dropping  1 c  days,  any  week  day  is,  by  that  means, 
moved  1 1  days  forward  in  the  alphabet ;  or  rather 
(throwing  out  7)  4  days  forward.  Therefore  the 
Sunday  letter,  from  D  (in  the  Julian)  becomes  A 
(in  the  Gregorian ) ;  and  being  leap  year,  the 
letters  will  be  BA.  Now  againft  DE  in  the  cycle 
ftands  25,  and  again!!  BA  is  5,  which  is  8  places 
beyond  25  •,  but  9  +  8  —  ly  ;  and  as  we  added 
9  to  the  year  to  fnd  the  Julian  letter,  we  muft 
now  add  17  (which  is  8  more),  to  find  theGregorian 
letter,  by  the  old  cycle.  And  this  holds  till  the 
beginning  of  the  next  century,  or  between  1700 
and  1800. 

In  the  year  1S00..  the  laft  rule  would  give  25 
(ED)  in  the  cycle,  but  fince  it  is  not  to  be  a  leap 
year,  it  will  be  only  E.  Therefore  we  muft  feek 
in  the  old  cycle  for  FE,  to  the  end  that  4  years 
after,  in  the  cycle,  may  be  a  double  letter  j  and 
then  all  will  go  regularly  forward  till  the  next 
century.  Accordingly  againft  13  we  find  EF. 
Then  counting  forward  from  DE  to  EF,  we 
(hall  find  EF  to  be  16  places  beyond,  and  17  +  16 
zz  33,  or  rather  (rejecting  28)  5.  Therefore  feeing 
before,  we  added  17  to  the  year  •,  we  muft  now 
add  5  to  get  the  number  and  letter,  between  1800 
and  1900.   - 

In  the  year  1900,  by  this  laft  rule,  we  fhali 
find  1  (GFJ  in  the  cycle;  but  not  being  leap  year 
it  muft  only  be  G  ;  therefore  feek  AG,  which  is 
at  17,  which  is  16  before  GF  ;  therefore  5-1-16 
or  2 1  is  the  number  to  be  added,  which  holds 
from  1899  to  2100;  becaufe  2000  being  leap 
year,  makes  no  alteration. 

In  the  year  2100,  we  mall  find  21  (CB),  which 
muft  only  be  C  •,  then  find  DC  in  the  evele,  which 
is  \G  further-,  and  21  X  16  —  28  z=  9,  the  addi- 
tjpnal  number  for  2100  +,  till  2200.  Thus 
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Tims  adding  16  continually  for  every  100  years 
(except  leap  years),  gives  fo  many  new  rules.  But 
after  800  years,  v/e  fhall  fall  upon  the  fame  num- 
ber of  the  cycle  as  at  firft  •,  and  the  fame  numbers 
will  return  again;  for  7  x  16  zz  4  x  28.  There- 
fore the  numbers  to  be  added,  in  thefe  feveral  pe- 
riods of  time  will  be  17,  5,  21,  9,  25,  13,  1. 
Then  17,  5,  &c.  over  again. 

2     RULE. 

Add  9  to  the  year  of  the  Lord,  and  divide  the 
fum  by  28  -,  the  remainder  being  found  in  the  I 
new  cycle  below,  mews  the  dominical  letter  for  the 
new  ftile,  till  1800.  Or  find  it  in  the  II  new  cycle* 
mews  it  after  till  J1900.  When  o  remains  take  28. 

For  the  old  ftile  -,  thus, 

Divide  the  year  its  4th  and  4,  by  7  •, 

Whafs  left  fubftr aft  from  7,  the  letter's  given. 


*5 


l  new  Cycle  for  1 700, 

II  new  Cycle  for  1800, 

&c. 

&c. 

1  DC 

15  G 

1  ED       15  A 

2  B 

16  F 

2  C 

16  G 

3  A 

17  ED 

3  B 

17  FE 

4  G 

18  C 

A  A 

18  D 

5  FE 

19  B 

5  GF 

19  C 

6  D 

20  A 

6  E 

20  B 

7  C 

21   GF 

7  D 

21  AG 

8  B 

22  E 

8  C 

22  F 

9  AG 

23  D 

9  BA 

23  E 

10  F 

24  C 

10  G 

24  D 

11  E 

25  BA 

11  F 

25  CB 

12  D 

26  G 

12  E 

26  A 

"3  CB 

27  F 

13  DC 

27  G 

M   A 

,-K    E 

14  B 

28  F 

Ex  amp. 
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Ex  amp. 
To  find  the  Sunday  letter  for  1769  ? 

1769 
9 


28)1778(63 
168 

98 
84 


I  new  Cycle. 


14.  —  A  the  funday  letter  in  the 


It  has  been  fhewn  before,  that  at  the  beginning 
of  every  century,  16  is  to  be  continually  added, 
for  a  new  additional  number.  Or  that  the  number, 
finding  the  dominical  letter  in  the  old  cycle,  is 
16  places  further  on.  But  this  is  equivalent  to 
making  a  new  cycle,  fetting  the  letters,  found  at 
the  17th  number,  in  the  flrfl  place;  the  18th  in 
the  fecond  ;  and  fo  on  in  order.  And  this  mull  be 
done  every  1 00  years ;  or  a  new  cycle  made  for 
each  century. 

It  was  iikewife  fhewn,  that  in  changing  the 
Julian  for  the  Gregorian  ftile,  that  8  was  to  be 
added  to  the  Julian  additional  number,  which  is 
the  fame  thing  as  reckoning  8  places  forward 
from  the  firft,  and  making  that  place,  which  is 
the  gth,  the  beginning  of  the  I  new  cycle.  Thus 
in  the  old  cycle  CD  is  the  9th  place,  and  in  the 
I  new  cycle  it  is  the  firft  -,  and  all  the  reft  follow 
in  orucr.  Again  the  17th  place  of  the  I  new 
cycle  is  DE,  which  therefore  muft  begin  the  2d 
new  cycle.  And  if  you  would  make  a  third,  it 
muft  begin  with  EF  -,  and  a  fourth  with  FG  -,  and 
fo  on.     Therefore  in  changing  from  the  ill;  to  the 

3d> 
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3d,  5th,  7th,  &c.  hundred  year ;  as  alfo  from  the 
2d  to  the  4th,  6th,  8th,  &c.  you  move  4  places 
forward  in  the  laft  cycle.  For  16  -f-  16  zz  32, 
which  exceed  28  by  4.  But  here  it  muft  be  re- 
membered, that  I  except  fuch  hundreds  as  are 
leap  years,  becaufe  they  make  no  alteration. 

The  firft  method  mewed  you  to  find  the  letter, 
by  finding  new  additional  numbers,  retaining  the 
fame  cycle ;  and  the  latter  fhows  how  to  find  it, 
by  finding  new  cycles,  retaining  the  fame  additional 
number.  But  the  firft  method  is  eafier,  becaufe 
a  new  number  is  eafier  found  than  a  new  cycle  ; 
but  either  way  will  do  for  the  prefent  age. 

3     RULE. 

Add  to  the  year  its  4th  part-,  then  divide  by  7, 
and  fubtract  the  remainder  from  7,  gives  the  num- 
ber of  the  letter,  from  1700  to  1800. 

After  the  beginning  of  the  year  1800,  1900, 
2100,  &c.  add  the  4th  part  +  6,  5,  4,  &c.  ref- 
pedtively. 

And  in  general  for  every  100  years  (not  leap 
years)  abate  1.  But  after  7  fuch  hundred  years, 
the  fame  numbers  return  again. 

Note,  there  being  two  letters  for  leap  year,  this 
rule  finds  that,  for  the  latter  part  of  the  year. 
And  if  the  year  has  an  exact  4th  part,  it  is  leap 
year. 


27 
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Examp. 
Find  the  letter  for  1769. 

1769 

442 


7)2211(315 
21 

11 
7 

41  7 

25  6 

6.  1  n  A  the  letter. 

In  any  century,  by  reafon  of  the  leap  years,  5 
letcers  go  over  in  4  years,  reckoning  from  any 
fixt  time.  Let  us  reckon  from  1700,  when  the 
letters  were  DC.  Then  in  1701,  2,  3,  &c.  the  let- 
ters are  B,  A,  G,  &c.  Therefore,  if  to  any  year 
(after  1700)  its  4th  part  be  added,  the  fum  fhews 
the  number  of  letters  elapfed,  fince  that  time. 
And  that  fum  divided  by  7,  the  remainder  fhews 
what  letter  it  is,  beginning  at  B,  and  reckoning 
backwards.  The  letters  being  numbered  will  Hand 
thus, 

B,  A,  G,  F,  E,  D,  C,  B,  A 

*23456789 

To  1 700  add  its  4th  part  425,  then  the  fum  2125 
divided  by  7,  there  will  4  remain.  If  o  had  remained, 
we  might  have  taken  the  year  of  our  Lord  inftead 
of  the  year  after  1 700,  without  any  more  to  do. 
But  fince  by  ufing  the  year  of  our  Lord  inftead  of 
the  year  after  1700,  the  remainder  will  be  more  by 
4  •,  therefore  to  accommodate  this  rule  to  the  year 

of 
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of  our  Lord,  we  muft  begin  to  number  four  places 
fooner,  and  then  we  (hall  fall  upon  the  fame  letter 
either  way.    The  numbering  will  be  thus, 

F,  Et  D,  C,  B,  A,  G,  F,  E,  D,  C,  &c. 

123456789    10  11 
01234 

That  is,  the  year  of  our  Lord  divided  by  7,  the 
remainder  will  denote  the  letter  as  above.  But  fub- 
tracling  thefe  remainders  from  7,  we  fhall  find  for 
A,  1  ;  for  B,  2  -,  for  3,  C  -,  &c.  in  the  order  of  the 
alphabet,  as  laid  down  in  the  rule. 

In  1800  (not  being  leap  year)  and  the  following, 
the  letter  falls  1  fhort ;  therefore  the  remainder 
muft  be  diminifhed  by  1,  or  the  year  itfelf  dimi- 
niftied  by  1  ;  for  the  fame  reafon,  1900  and  the 
following  years,  muft  be  diminiftied  by  2  -,  2100, 
&c.  by  3,  and  lo  on.  Or  it  comes  to  the  fame  thing 
if  1800,  &c.  be  increafed  by  6,  1900,  &c.  increafed 
by  5,  21 00,  &c.  increafed  by  4,  and  lb  on.  For 
6,  5,  4  are  the  compliments  of  1,  2,  3,  to  7. 

Cor.  1 .  The  fun's  cycle  being  known,  the  Gregorian 
letter  is  known,  by  adding  8,  and  finding  the  fum  in 
the  old  cycley  gives  the  letter  ;  ////  1 800. 

Cor.  2 .  'The  old  dominical  letter  being  given,  that 
for  the  new  ft He  is  had  by  adding  4  letters.  This 
holds  till  1800. 


29 
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A  Table  fhewing  the  Sunday  letter  till  1800. 


years 

lett. 

years 

lett, 

years 

lett. 

years 
1790 

9l 

lett. 
C 

1760 

FE 

1770 

G 

1780 

BA 

B 

61 

D 

7« 

F 

81 

G 

92 

AG 

62 

C 

72 

ED 

82 

F 

93 

F 

63 

B 

73 

C 

83 

E 

94 

E 

64 

AG 

74 

B 

84 

DC 

95 

D 

65 

F 

75 

A 

85 

B 

96 

CB 

66 

E 

76 

GF 

86 

A 

97 

A 

67 

D 

77 

E 

87 

G 

98 

G 

68 

CB 

78 

D 

88 

FE 

99 

F 

69 

A 

79  1 

C 

89 

D      [ 

1880 

E 

PROB,     V. 
To  find  the  golden  number  for  any  year. 

The  golden  number  or  prime,  is  a  cycle  of  19 
years,  increafing  1  every  year,  till  it  be  completed  ; 
after  which  it  begins  again.  This  period  of  19 
years  being  ended,  the  new  moons,  and  full  moons, 
fall  on  the  fame  day  of  the  month,  as  they  did 
19  years  before;  and  therefore  it  is  called  the 
moon's  cycle.     To  find  it, 

RULE. 

Divide  the  year  of  our  Lord  by  19,  and  to  the 
remainder  add  1,  gives  the  golden  number,  for 
both  old  and  new  ftile. 


Examp. 
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3* 


Examp. 
What  is  the  golden  number  for  1769 

19)1769(93 
171. 

59 
57 

2 
add   1 

3  the  golden  number. 

A  Table  of  the  golden  Numbers  till  1800. 


years 

G.N. 

years 

G.N. 

years 

G.N. 

years 

G.N. 

1760 

*3 

1770 

4 

1780 

14 

1790 

5 

61 

14 

71 

5 

81 

15 

91 

6 

62 

»5 

72 

6 

82 

16 

92 

7 

63 

16 

73 

7 

S3 

17 

93 

8 

64 

17 

74 

8 

84 

18 

94 

9 

65 

18 

75 

9 

85 

19 

95 

10 

66 

l9 

76 

10 

86 

1 

96 

11 

67 

1 

77 

11 

87 

2 

97 

12 

68 

2 

78 

12 

88 

3 

98 

13 

69 

3 

79 

»3 

89 

4 

99 

14 

1 800 

'5    • 

P  R  O  B.     VI. 

T'o  find  the  Epatt  for  any  year. 

The  epaft  is  the  number  to  be  added  to  the  lunar 

year,  to  make  it  equal  to  the  folar.     This  is  a  cy- 

jpending  on  the  golden  number,  and  is  like- 

wife 
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wile  compleated  in  19  years.  It  increafes  11  every 
year,  rejecting  30  when  it  is  above  that ;  but  the 
epacl:  never  exceeds  29.  Its  ule  is  for  finding  the 
new  moons  in  March,  and  from  thence  in  every 
other  month. 

1    RULE. 

Take  1  from  the  golden  number  ;  and  then  mul- 
tiply the  remainder  by  n,  and  divide  the  product 
by  30,  and  the  remainder  is  the  epacl,  for  the  new 
Jiile.     When  o  remains  take  29. 

This  Rule  holds  from  1700  to  1900,  after  which 
the  epacl  fo  found,  mull  be  leflened  by  1,  and  for 
every  240  years  after,  it  muft  be  leliened  by  1 
more,  continually. 

For  the  old  fitle^  multiply  the  golden  number  by 
11,  and  divide  by  30,  for  all  years. 

Ex  amp. 
What  is  the  Ef  a  51  for  1769? 

The  golden  number     3 
fubf.      1 


2 
11 


30J22O 
o 


22  the  epacl:. 


A  fynodic  revolution  of  the  moon  is  29.53  4- 
days,  and  12  iuch  revolutions  are  354.37  days; 
and  the  Julian  year  is  36^.2^  days,  which  exceeds 
thefe  12  revolutions  by  10.88  days.  Hence  if  the 
moon  changes  at  a  certain  time  in  one  year,  the 
next  year  fhe  will  charge  10.88  days  fooner ;  and 
the  next;  21.76  days  fooner;  and  the  next,  32,64 

—29. 
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i —  29.53,  that  is  3. 1 1  days  fooner ;  and  fo  forward. 
Therefore  in  any  number  of  years  after,  if  10.88 
be  multiplied  by  that  number,  and  the  product  di- 
vided by  29.53  •,  the  remainder  will  fhew  how  ma- 
ny days  the  change  happens  before  the  fixt  time  in 
the  firft  year.  But  becaule  we  do  not  want  to  know 
the  fractions  or  parts  of  days,  but  only  in  general, 
what  day  the  change  happens  on  •,  therefore,  in- 
ftead  of  10.88  and  29.53,  we  may  take  the  round 
numbers  1 1  and  30,  which  will  give  nearly  the 
fame  remainders. 

After  19  years  are  expired,  the  cycle  begins  a- 
gain,  and  the  changes  happen  on  the  fame  day, 
and  almoft  on  the  fame  hour,  as  they  did  19  years 
before.  For  in  19  years,  the  moon  performs  235 
revolutions,  and  235  X  29.53  +  —  6g^g.6g  days, 
and  19  X^6^  zz  6939.J5  ;  the  former  falling  fhorc 
only  about  .06  of  a  day,  which  is  ih  2  8m.  So  that 
in  19  years,  the  new  moons  happen  near  an  hour 
and  a  half  fooner ;  which  in  a  little  more  than  300 
years,  will  be  a  day  fooner.  And  fince  the  Gre- 
gorian is  (horter  than  the  Julian  year  by  three  days 
in  400  years,  or  nine  days  in  1200  years  ;  and  the 
new  moons  happen  fooner  by  near  four  days  in  1200 
years  ;  it  is  plain,  the  new  moons  will  happen  later 
in  the  Gregorian  account  by  (9  — 4  or)  near  5  days 
in  1200  years  ;  or  1  day  in  230  years.  Therefore 
the  numbers  of  this  cycle  being  once  adjufted  to 
the  golden  number,  for  the  year  1700,  it  will  con- 
tinue the  fame  for  above  200  years.  And  hear  the 
firft  number  of  the  epact  is  o  or  29,  and  then  all 
the  reft  follow  of  courfe  ;  whence  we  get  the  rule 
above.  And  fince  the  epacts  are  to  (hew  how  long 
before  a  fixt  day  the  moon  changes  -,  it  is  plain  the 
epadt  is  to  be  diminifhed  1  in  every  230  years. 
2     RULE. 

Seek  the  golden  number  for  the  year  in  the  fol- 
lowing new  table  of  epacls,  and  againft  it,  is  the 
C  epact 
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epacl:  fought.  This  table  continues  in  force  till  the 
year  1900  j  after  which  the  epaft  muft  be  leffened 
by  1. 

Examp. 
Suppofe  1769.     The  golden  number  for  this  year  is 
3,  againfi  which  is  22,  the  epacl  for  the  f aid  year. 

3     R     U     L     E. 
Diminifli  the  golden  number  by  1,  feek  the  re- 
mainder in  the  firft  column  of  the  old  table  below, 
againft  which  is  the  epadft. 

Ex. 

In  1769,  the  golden  number  is  3,  therefore  againfi 
2  is  22  the  epacl. 


j  Old  Table. 

New 

Table. 

G.Num. 

Epacl:. 

G.Num. 

Epacl. 

1 

11 

1 

29 

2 

22 

2 

II 

3 

3 

3 

22 

4 

14 

4 

3 

5 
6 

25 

6 

5 
6 

25 

7 
,   8 

*7 

28 

7 
8 

6 
l7 

9 

9 

9 

28 

10 

20 

10 

9 

1 1 

1 

11 

20 

12 

12 

12 

1 

'3 

23 

13 

12 

14 

4 

,14 

23 

»5 

16 

J5 

26 

15 

16 

4 
15 

is 

7 
18 

17 
18 

26 
7 

19  1  29 

'9 

18 

Cor. 
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Cor.  Having  the  epacl  fcr  old  file,  that  for  the 
new  fiile  may  be  found  by  fub tracing  i 1  from  the  old 
cne. 

A  Table  of  Epa&s  till  1800. 
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1 

years 

epacl: 

years 

epaft 

years  epacl; 

years 

epadt 

1760 

12 

1770 

3 

1780 

23 

1790 

14 

61 

23 

71 

14 

81 

4 

9' 

25 

62 

4 

72 

25 

82 

15 

92 

6 

63 

15 

73 

6 

83 

26 

93 

"7 

64 

26 

74 

17 

84 

7 

94 

28 

65 

7 

75 

28 

«5 

18 

95 

9 

66 

18 

76 

9 

86 

0.29 

96 

20 

67 

0.29 

77 

20 

87 

11 

97 

1 

68 

11 

78 

1 

88 

22 

98 

12 

% 

22 

|     79 

12 

89 

1 

3 

99 

1800 

23 

4 

P  R  O  B.     VII. 

¥0  find  the  day  of  the  moon's  changing  in  March; 

R    U   L   E. 

Add  1  to  the  epacl,  and  fubtracl  the  fum  from 
30,  the  remainder  is  the  day  of  the  change. 

Exam. 
The  change  is  required  in  March  1768. 

Epacl  1 1 
add     1 


12 

30 


8  day, 


C  2 


In 
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In  the  year  1700,  the  moon  changed  on  March 
20,  near  four  in  the  afternoon,  by  the  Gregorian 
ftile.  The  epact  then  muft  be  9,  that  9  +  1  or 
10  being  fubftra&ed  from  30,  there  may  remain 
20,  for  the  day  of  the  change.  But  the  golden 
number  is  10  ;  therefore  fetting  the  epadt  9  againft 
the  golden  number  10,  all  the  other  numbers  in 
the  table  of  epacts  will  follow  of  courfe. 

P  R  O  B.    VIII. 

¥0  find  the  day  of  Eafter  full  moon. 

Eafter  full  moon  is  the  firft  full  moon  after  the 
21ft  day  of  March,  and  is  called  the  pafchal  full 
moon,  or  Eafter  limit.  And  it  is  denoted  by  the 
number  of  days  from  the  beginning  of  March. 

1     RULE. 

By  the  laft  Prob.  find  the  change  day  in  March 
for  the  given  year,  to  which  add  15;  and  if  the 
furn  be  more  than  21,  this  will  be  Eafter  full 
moon :  if  lefs,  add  30  to  it,  and  it  gives  Eafter 
limit. 

Examp. 

Find  Eafter  full  moon  for  the  year  176*9. 

The  day  of  change  March  7 
add     15 

Eafter  full  moon     2 2d  of  March. 


2     RULE. 

Find  the  epa£t  for  the  year,  and  fub tract  it  from 
44.;  if  the  remainder  is  equal  or  greater  than  21, 
it  is  the  day  of  full  moon :  if  lefs,  add  30  to  it, 
and  it  gives  Eafter  limit. 

For 


CHRONOLOGY.      'JJF 

For  the  cldftile^  fubtraft  the  old  epad  from  4,7. 

Examp. 

Let  the  year  be   1769. 

44 
epact  22 

Eafter  limit  2 2d  day  of  March. 


For  the  new  moon  in  March  is  30  —  1  +  epaffc 
r^  29  —  epacl  ;  and  adding  15  days  for  full  moon, 
29+  15-—  epact,  or  44  —  epact  zz  time  of  full 
moon  from  the  beginning  of  March. 

3     RULE. 

Find  the  epact  in  the  firft  column  of  the  fol- 
lowing Table,  againft  which  in  the  fecond  column, 
is  the  day  of  the  pafchal  full  moon  ;  and  the- 
letter  for  that  day.  This  Rule  holds  till  190c. 
N.  Stile. 


Epafts. 
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Epacts. 

Paf.  full  Moon. 

i 

3 
4 
6 

7 

9 
ii 

12 

14 

12  April       D 
10  April        B 
9  April       A 
7  April        F 
6  April        E 
4  April        C 
2  April        A 
1  April       G 
30  March     E 

15 

29  March     D 

*7 

27  March     B 

18 

26  March     A 

20 

24  March     F 

22 

22  March     D 

23 

21   March     C 

25 

26 

28 
O.29 

18  April       C 
17  April       B 
15  April       G 
13  April       E 

Examp. 
In  1769,  the  epatl  is  22,  againft  which  we  have 
March  22  for  the  full  moon,  and  its  letter  D. 
This  table  is  conftructed  by  the  2d  Rule. 

S  C  H  O  L, 

It  is  ordered  by  Act  of  Parliament,  that  the  paf- 
chal  full  moon  is  to  be  the  firft  full  moon  after  the 
2iftof  March.  But  it  had  been  more  agreeable 
to  the  ccelcflial  motions,  to  have  made  it  the  firft 
full  moon  after  the  vernal  equinox.  For  the  equi- 
nox is  not  on  March  21.  but  on  March  20.  For 
this  reafon,  the  rule  laid  down  in  the  Act,  fome- 
times  fails,  as  it  did  in  1761,  when  the  Eafter  full 

moon 


CHRONOLOGY.  ag 


moon  fell  on  March  20,  a  little  after  the  equi- 
nox j  being  agreeable  to  the  Table,  but  different 
from  the  Rule. 

P  R  O  B.     IX. 

To  find  Eafter  day  in  any  given  year. 

Eafter  day  (by  Acl  of  Parliament)  is  the  firft 
Sunday  after  the  firft  full  moon,  next  after  March 
21  •,  and  if  that  full  moon  be  on  a  Sunday,  Eafter 
day  is  the  Sunday  following. 

But  inftead  of  March  21,  it  fhould  have  been 
the  vernal  equinox,  to  make  the  Rule  univerfally 
true. 

Or  Eafter  day  is  the  firft  Sunday  after  the  paf- 
chal  full  moon,  or  Eafter  limit. 

1     RULE. 

Add  3  to  the  day  of  Eafter  full  moon,  or 
Eafter  limit  (found  by  the  laft  Prob.),  and  divide 
the  fum  by  7,  and  fubftract  the  remainder  from 
the  dominical  letter,  (borrowing  7  if  need  be)  ;. 
add  this  laft  remainder  to  Eafter  full  moon,  gives 
Eafter  day,  reckoned  from  the  beginning  of  March, 
N.  S. 

Note,  If  the  laft  remainder  be  o,  take  7  for  it  -, 
and  in  leap  year,  take  the  letter  which  ferves  for 
the  latter  part  of  the  year. 

The  fame  rule  ferves  for  the  old  ftiky  ufing  the 
Julian  Calendar,  &c. 


4  .     Exam 
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Exam. 
When  does  Eajier  fall,  in  1769  ? 

Eafter  limit         22  March 


4 
Letter  An  or     8 

Laft  Rem.     4 

22 

■  Eafter  day     26  March. 


For  fince  March  begins  with  D,  adding  3  to 
Eafter  limit,  makes  the  reckoning  commence  at  A. 
And  dividing  the  whole  by  7,  the  remainder  {hews 
how  far  Eafter  limit  was  advanced  in  the  alphabet 
A,  B,  C.  Let  R  be  that  remainder,  S  the  Sun- 
day letter ;  then  S  —  R  the  laft  remainder,  fhews 
how  much  the  reckoning  falls  fhort  of  Sunday ; 
which  therefore  muft  be  added  to  the  limit,  to  find 
Sunday  ;  and  the  fum  will  be  the  diftance  of  Eafter 
day  from  the  beginning  of  March. 


Golden 


Golden  Months, 

Numb. 

Days. 

14 

Mar.  21 

3 

22 

— » 

—23 

11 

24 

— 

—25 

*9 

26 

8 

27 

— 

—28 

16 

29 

5 

30 

' — 

—3i 

13 

Apr.  1 

2 

2 

—  3 
4 

10 

— 

—  5 

18 

6 

7 

7 

- — 

—  8 

*5 

9 

4 

10 

— f 

— 11 

12 

12 

1 

13 

—  14 

J5 

9 

— 

—16 

17 

J7 

6 

18 

'9 

20 

2  1 

22 

23 

24 

25 

H'RONOLOGY. 
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Sun. 
Let. 


c 

D 
E 
F 
G 
A 
B 
C 
D 
E 
F 
G 
A 
B 
C 
D 
E 
F 
G 
A 
B 
C 
D 
E 
F 
G 
A 
B 
C 
D 
E 
F 
G 
A 
B 
C 


2    RULE. 


Find  the  golden  number  in  the 
firft  column  of  this  Table;  againft 
which  in  the  2d  column  (lands  the 
day  of  Eafter  full  moon.  Then, 
look  in  the  3d  column  for  the  Sun- 
day letter  next  following,  and  the 
day  of  the  month,  flanding  againft 
it  in  the  2d  column,  is  Eafter 
day.  This  holds  from  1700  till 
1900,  N.  S. 

Note,  If  the  full  moon  happens 
on  a  funday,  the  next  funday  is 
Eafter  day.  In  leap  year,  take 
the  letter  for  the  end  of  the  year. 

Example. 
To  find  Eafter  day  in  1769. 

The  golden  number  is  3,  and 
funday  letter  A.  Againft  3,  ftands 
Mar.  22  and  D;  and  looking 
down  to  A,  it  ftands  againft  Mar. 
26,  which  is  Eafter  day. 

The  fame  Table  will  ferve  to 
find  Eafter  from  1900,  till  the 
beginning  of  the  year  2200,  by 
only  placing  all  the  numbers  in 
the  firft  column  (except  the  two 
laft),  a  line  lower.  And  for  each 
following  100  years,  a  line  lower 
ftill. 

This  Table  is  taken  from  the 
act  1750,  for  altering  the  ftile  ; 
and  mu ft  always  ftand  good  ;  even 
tho'  it  difagree  with  aftronomical 
calculations.  • 

3  RULE, 
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3     RULE. 

In  the  following  Table,  find  the  golden  number  on 
the  fide,  and  go  crofs  over,  'till  you  come  under  the 
funday  letter  at  top  •,  and  there  you  will  have  the  day, 
and  the  month  towards  the  left  hand,  when  Eafter  day 
is.  N.  S. 

A  Table  to  find  Eafter  till  1900. 


gold. 

A 

B 

C 

D 

E 

F 

G 

num. 

i 

Apr.  16 

17 

18 

J9 

20 

14 

15 

2 

Apr.  9 

3 

4 

5 

6 

7 

8 

3 

Mar.  2  6 

27 

28 

29 

23 

24 

25 

4 

Apr.  1 6 

l7 

11 

12 

13 

14 

15 

5 

Apr.  2 

3 

4 

5 

6 

Mar.  3 1 

Apr.  1 

6 

Apr.  23 

24 

25 

'9 

20 

21 

22 

7 

Apr.  9 

10 

11 

12 

13 

14 

8 

8 

Apr.  2 

3 

Mar.  2  8 

29 

3° 

31 

Apr.  1 

9 

Apr.  16 

17 

18 

x5 

20 

21 

22 

10 

Apr.  9 

10 

1 1 

5 

6 

7 

8 

1 1 

Mar.  2  6 

1    2? 

28 

29 

3° 

31 

25 

12 

Apr.  1 6 

i7 

18 

*9 

13 

14 

15 

■3 

Apr.  2 

3 

4 

5 

6 

7 

8 

14 

Mar.2*6 

2y 

28 

22 

23 

24 

25 

l5 

Apr.  1 6 

10 

II 

12 

*3 

14 

15 

ib 

Apr.  2 

3 

4 

5 

Mar.30 

31 

Apr.  1 

17 

Apr.  23 

24 

18 

l9 

20 

21 

22 

18 

Apr.  9 

10 

1  i 

12 

13 

7 

8 

u 

Apr.  2 

Mar.  2  7 

28 

29 

30 

3i 

Apr.  1 

Ztf  1769,    the  golden  number  is  3,  and  dominical  let- 
ter A. 

Under  A  and  againft  3,    is  March  26  for  Eafter 
day. 

This 
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This  Tabic  is  eafily  compofed  from  the  lad,  thus. 
Let  the  golden  number  be  i  ;  againft  it  we  find 
Apr.  13,  and  the  letter  E ;  which  being  funday 
letter,  Eafter  funday  is  Apr.  20.  But  the  funday 
letters  being  F,  G,  A,  B,  C,  D  ;  we  find  Apr.  14, 
15,  16,  17,  18,  19,  for  Eafter  funday,  refpec- 
tively.     And  fo  of  the  reft. 

A  Table  for  finding  Eafter  day  till  1800. 
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year 
1760 

Eaft.  d. 

year 

Eaft.  d. 

year 
1780 

Eaft.  d. 

year 

Eaft.  d. 

Apr.    6 

1770 

Apr.  15 

xMar.26 

1790 

Apr.   4 

61 

Mar. 22 

V 

Mar.  3 1 

81 

Apr.  15 

9i 

Apr.  24 

62 

Apr.n 

72 

Apr.  19 

82 

Mar.  3 1 

92 

Apr.   8 

*3 

Apr.   3 

n 

Apr.  11 

83 

A.pr.20 

93 

Mar.  3 1 

64 

Apr.  22 

74 

Apr.    3 

84 

Apr.  11 

94 

Apr.  20 

65 

Apr.    7 

7S 

Apr.  16 

85 

Mar.  27 

95 

Apr.    5 

66 

Mar.  30 

76 

Apr.    7 

86 

Apr.  16 

96 

Mar. 27 

67 

Apr.  19 

77 

Mar.30 

87 

Apr.    8 

67 

Apr.  16 

68 

Apr.   3 

78 

Apr.  19 

88 

Mar.  23 

98 

Apr.   8 

69 

Mar.26 

79 

Apr.   4 

89 

Apr.  12 

99 

180c 

Mar.24 
Apr.  13 

Cor.  1.  Hence,  the  times  of  all  the  moveable  feafts, 
that  depend  upon  Eafier,  may  be  known. 
Septuagefima  Sunday  is  9  weeks 
Sexagejima  Sunday  is  8  weeks 
Shrove  Sunday,  or  quinquagefima,   is 

7  weeks  — 

Shrove  Tuefday,  Afh-voednefday,  next  \  before  Eafter, 

following 
Qiiinquagejima  is  6  weeks 

j  Sunday  a  week 
Good  Friday  2  days 
Low  Sunday  is  1  week 
Rogation  Sunday  is  5  weeks 

y,  or  Holy  Thurfday,  the 
i  rfday  after  Rogation, 
.  -funday  is  7  weeks  \ 

inity  Sunday  is  8  weeks  J  Then 


after  Eafter. 
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Then  follow  all  the  Sundays  after  Trinity  in  or- 
der. The  Sundays  between  Afh-wednefday  and 
Eafter,  are  called  Sundays  in  Lent ;  and  the  Sun- 
days between  Eafter  and  Whit- fund  ay,  are  called 
Sundays  after  Eafter. 

Note,  The  diftance  of  Eafter  Sunday  from 
March  21,  is  by  fome  called,  the  Number  of  £)/- 
reftion* 

Cor.  2.  From  the  Table,  Rule  2,  it  appears,  that 
Eafter  can  never  fall  fooner  than  Mar.  22,  nor  later 
than  Apr.  25. 

Scholium. 

I  have  not  fhewn  how  to  find  any  of  the  com- 
mon chronological  notes  or  numbers,  for  years  be- 
fore Chriit ;  as  it  is  more  material  to  know  what 
is  to  come,  than  what  is  paft.  But  that  is  eafily 
done,  by  reckoning  backward,  fo  far  as  we  need 
to  go.  Remembering  that  the  firft  year  current 
before  Chrift,  is  the  next  (backward)  to  the  firft: 
year  current  after  Chrift.  Before  1582  there  was 
no  Gregorian  year,  and  46  years  before  Chrift, 
there  was  no  Julian  year.  And  to  what  purpofe 
can  it  be,  to  feek  for  any  note,  according  to  ei- 
ther Julian  or  Gregorian  year,  at  a  time  when  there 
was  no  Julian  or  Gregorian  year  exifting. 

If  the  arithmetical  rule,  for  finding  Eafter,  hap- 
pens to  differ  from  the  table  in  the  2d  rule,  it  muft 
be  fet  afide.  For  that  table  is  fettled  by  the 
ftile  act,  to  be  the  general  rule ;  altho'  the  act  at 
the  fame  time  lays  down  another,  which  is  fome- 
times  inconliftent  with  the  table.  For  the  aft  fays, 
that  Eafter  day,  is  to  be  the  firft  Sunday  after  the 
fir  ft  full  moon,  next  after  the  21ft  of  March. 
Which  rule  would  have  made  Eafter  a  month  later 
than  by  the  table,  in  the  year  1 761 .  Whereas  if  it 
had  been  mentioned,  after  the  firft  full  moon,  next* 

after 
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after  the  vernal  equinox,  which  was  the  20th  of 
March  ;  then  the  rule  would  have  agreed  with  the 
table.  And  more  inftances  of  this  kind  may  hap- 
pen. 

But  after  all  the  fufs  that  has  been  made  for  find- 
ing a  rule  for  the  obfervation  of  Eafter  -,  the  pre- 
fent  rule  is  certainly  a  very  ill  contrived  one  ;  and 
had  been  better  fixt  to  fome  Sunday,  at  a  certain 
time  of  the  year.  Jefus  Chrift  did  but  fuffer  once, 
and  rife  once  •,  which  therefore  mull  have  been  at 
one  certain  time  of  the  year.  And  if  that  time 
could  be  known,  then  the  nearer!  Sunday  to  that, 
would  moft  properly  be  Eafter  Sunday;  which 
would  have  been  eafily  known.  But  our  rule  makes 
it  vary  5  weeks  from  the  time,  as  obferved  in  dif- 
ferent years. 

It  is  extremely  probable  that  his  pafilon  was 
in  the  year  34,  on  Friday  the  14th  day  of  the 
Month  Nifan,  which  by  the  Julian  account,  was 
on  Friday  April  23-,  and  at  that  time  the  equi- 
nox was  on  March  24.  But  with  us  now,  the  e- 
quinox  is  upon  the  20th  of  March,  which  is  4 
days  fooner.  Therefore  bringing  the  paffion  back 
to  our  way  of  reckoning,  it  will  fall  on  April  19, 
and  confequently  the  refurre&ion  would  be  on 
April  21.  Therefore  if  the  neareft  Sunday  to 
April  21,  had  been  fet  apart  for  Eafter  day,  it 
would  have  been  an  exceeding  eafy  rule,  and  very 
near  the  true  time ;  and  I  think  this  time  might 
have  been  as  well  commemorated  by  an  eafy  and 
plain  rule,  that  comes  near  the  true  time  •,  as  ^ 
perplext  one,  that  runs  further  from  it. 
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PROB,     X. 

To  find  in  what  year  Eajler  day  (hall  fall  on  the 
2.5th  of  April. 

Suppofe  the  prefent  year  to  be  1769 ;  the  cycle 
of  the  fun  is  14,  dominical  letter  A,  golden  num- 
ber 3. 

But  by  the  laft  table  in  Prob.  IX.  when  Eafter 
day  falls  on  April  25,  the  dominical  letter  is  Q 
and  golden  number  6.  Therefore  look  into  the  I 
new  cycle  (Prob.  IV),  and  reckon  from  14  to  all 
the  places  where  you  find  C,  which  will  be  after 
4,  10,  15,  21  places;  and  that  is  4,  10,  15,  2* 
years  after  1769.  Then  if  a  be  the  revolutions  of 
the  fun's  cycle,  e  the  revolutions  of  the  golden 
number ;  and  fince  the  golden  number  6  exceeds 
the  prefent  golden  number  (3)  by  3 ;  the  time  will 
be  exprefTed  by  any  of  the  following  equations. 
Therefore  if  a  or  e  be  found,  the  time  will  be 
known. 

1.28*  4-    4  —  *9*  +  3} 
2.280  +  10  =  ige  +  $f  zz  number  of  years 
3.28*3  +  15  zz  ige  +  3  ?         hence. 
4.280  +  21  zz  ige  +  3  J 

Therefore  by  reduction,    we  get  the  following 
equations. 

1.280  +  1  zz  ige. 
2.280  +  7  zz  i9<?. 
3.280  +  12  zz  ige. 
4.280  +  18  zz  ige. 

Thefe  equations  being  refolved,  and  the  lead:  va- 
lues of  0  found,  we  have  1.0  zz  2,  2.0  zz  14, 
3.0  zz  5,  4.0  zz  17.  Here  2  being  the  leafl  value 
of  0,  280  +  4  —  60,    and    1769  +  60  zz  1829 

for 
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for  the  year ;  which  mews,    it  will  not  happen  in 
this  century. 

Again  in  the  year  1800,,  the  fun's  cycle  is 
17,  and  (by  the  II  new  cycle,  Prob,  IV.)  the 
dominical  letter  E,  and  the  golden  number  15. 
Therefore  in  II  new  cycle  (Prob.  IV.)  reckon  from 
17  to  all  the  places  of  C,  and  we  fhall  find  2,  13, 
19,  24.  And  fince  6+19  —  15  zz  10.  There- 
fore we  fhall  have  the  following  equations. 

28a  +    2  zz  19^  +  10  *  f2$a —    8  zz  ige. 

28a  +  13  zz  192+  10  (  \  28a  +    3  zz  19*. 

28^+19=19^+10?  J  28a  +    9  zz  19^ 

28a  +  24  zz  ige-r  10  )  (.28^  +  14  zz  ige. 

By  the  firft  equation  a  zz  3,  22,  &c  ;  by  the  fe- 
cond  a  zz  6  ;  by  the  3d,  #  zz  18,  and  by  the  4th, 
a  zz  9.  Taking  tf  zz  3,  28*2  +  2  zz  86  years,  and 
therefore  1886  is  the  firft  year  that  this  thing  will 
happen,  and  the  only  year  in  the  next  century ; 
for  all  the  other  values  of  a  are  too  big,  as  run- 
ning into  the  next  century  after. 

And  in  the  fame  manner  we  muft  proceed,  if 
any  other  day  be  affigned  for  Eafter. 

Scholium. 

If  this  Prob.  was  to  be  refolved  by  the  Julian 
account,  it  need  not  be  repeated,  becaufe  we  are 
ftopt  by  no  centuries,  as  in  the  Gregorian  account. 
But  in  the  Julian,  time  runs  on  in  the  fame  way 
for  ever.  And  therefore  after  532  years,  which  is 
the  period  for  Eafter,  or  the  Dionyfian  period,  all 
the  days  and  years  return  again  in  the  fame  order, 
in  the  Julian  account. 
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PROP.    XL 

To  find  the  day  of  the  month*  when  the  fun  enters 
the  12  Signs. 

RULE. 

Beginning  at  March  for  the  Sign  Aries.    Then 
The  days i  for  the  firft  four  couples*  will  be* 

20,    21,    22,    2£. 

There's  four  more  months*  for  them  will  be  feen* 

22,  21,   ig  and  18. 

That  is, 
In  March  and  April,  on  the  20th,  for  <v»  and  « . 
In  May  and  June,  on  the  21ft,   IT,    25. 
In  July  and  Auguft,  on  the  22d,  Q,   *fc. 
In  September  and  October,  on  the  23d,   =c=,  1*1* 

In  November,  on  the  2 2d,    t . 

In  December,  on  the  21ft,  vr. 

In  January,  on  the  19th,   zz. 

In  February,  on  the  18th,    K  , 

Cor.  Hence  will  be  known  the  place  of  the  fun^ 
on  any  day ;  by  reckoning  a  degree  for  every  day  from 
the  entrance. 

Exam* 

What  is  the  fun's  place  Ocl.  10  ?  The  fun  enters 
Libra  on  the  23d  of  September,  and  October  io 
is  17  days  after  ;  therefore  the  fun's  place  is  &  17°. 

P  R  O  B.     XII. 

To  find  the  time  of  fun-rifing  or  fetting  at  any  time* 
for  the  middle  of  England. 

RULE. 

Remember  that  on  March  20,  and  September 
23,  the  fun  rifes  and  lets  at  6.    Then  at  1,  2,  or  3 

months 
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months  diftance,  reckon  1,    2  or  2~  hours  fooner 
or  later ;  and  fo  in  proportion. 

Examp. 

On  May  1 ,  the  time  of  fun-fet  is  required. 

On  Apr.  20th  (being  a  month  from  March  20th) 
the  fun  rifes  one  hour  fooner,  that  is,  at  5 ;  and 
May  ift,  (being  y  of  a  month  after)  gives  20  mi- 
nutes more.  So  the  time  of  rifing,  May  ift,  is 
4h  40mi  and  fetting,  yh  20m. 

P  R  O  B.    XIII. 

To  find  the  day  of  the  moon's  changing  in  any  month  \ 
§r  her  age^  on  any  day  thereof. 

1    RULE. 

To  the  Epacl  add  the  number  of  the  month  be- 
gin^ng  at  March,  and  take  the  fum  from  30  for 
60),  gives  the  day  of  the  change  :  or  that  fum  ad- 
ded to  the  day  of  the  month,  gives  her  age,  reject- 
ing  30  if  it  exceeds  30. 

Note,  In  January  and  February  the  epacl:  of  the 
preceding  year  mud  be  ufed. 

This  Rule  fometimes  varies  a  day,  owing  partly 
to  the  inequality  of  the  months,  and  partly  to  the 
irregular  motion  of  the  moon. 

Examp. 

To  find  the  change  in  July  1769,  and  her  age  the 
loth  day. 

Epacl:     22  27 

Month      5  20 

Subt.       27  47 

From      30  Sub.  30 

Change     3d  day  17  her  age. 

D  The 
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The  cycle  of  epa&s  is  fo  contrived,  that  at  the 
beginning  of  it,  the  moon  changes  at  the  beginning 
of  March;  and  likewife  at  the  end  of  it,  about 
the  29th  or  30th  day.  .Whence  in  any  following 
year,  the  epacl:  will  mew  the  number  of  days  the 
change  happens,  before  the  end  of  March.  And 
fince  the  months  are  each,  about  a  day  longer  than 
the  time  of  one  lunation ;  therefore  we  muft  add 
fo  many  days  as  there  are  months  pafl,  from  March ; 
whence  that  fum  taken  from  30  gives  the  day  of 
the  change.  And  that  day  fubtracled  from  a  given 
day  of  the  month,  gives  her  age ;  that  is,  the  gi- 
ven day  — -  30  +  fum  zz  age. 

2  RULE. 

Look  for  the  month  in  the  new  Calendar  at  the 
end,  and  find  the  golden  number  for  the  year  in 
the  fecond  column ;  againfl  it  ftands  the  day  0/  the 
change. 

If  you  ufe  the  Calendar  in  the  ftile  acl,  the  gol- 
den number  finds  the  full  moon. 

Exam. 

To  find  the  change  of  the  moon  in  July  1769. 

The  golden  number  for  the  year  is  3,  which  in 
July  ftands  againft  the  3d  day  of  the  month,  for 
the  change  day. 

3  RULE. 

Look  for  the  golden  number  in  the  proper  month 
in  the  old  Calendar,  againft  which  is  the  old  change 
day  •,  then  reckon  fix  days  further,  and  you  have 
the  day  of  the  change  by  the  new  ftile. 

Exam. 
To  find  the  change  in  July  1769. 
The  golden  number  is  3,  and  (lands  at  the  27th 
day.     Reckoning  fix  further,  falls  on  the  2d  of 

Auguft. 
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Auguft.  Or  rather  feek  3  in  June,  which  ftands 
at  the  27th  day ;  from  which  reckoning  fix  more, 
it  falls  on  the  3d  of  July  for  the  change. 

For  in  the  old  Calendar,  the  moon  is  4  or  5 
days  back,  and  the  new  ftile  eleven  days  forward ; 
therefore  the  change  is,  by  the  new  ftile  (11 — 5  =  ) 
6  days  forward  of  the  old  ftile,  or  fometimes 
f  1 1  —  4  or)  7  days. 

PROB,     XIV. 
To  find  the  time  of  the  Moon's  fouthing. 

RULE. 

Take  8  tenths  of  the  moon's  age  in  days,. 
gives  the  hour  of  her  fouthing. 

Ex  amp. 
On  July  10,  1769,  the  moon  is  /even  days  old* 

7 
.8 

5.6  zz  5h  36m,  the  fouthing. 


For  the  fynodic  revolution  of  the  moon  being 
2gi  days,  whilft  me  gains  24  hours  of  the  fun  ; 

therefore  in  one  day  me  will  gain .  24   ~  .  81  of  an 

hour.     And  in  any  number  of  days,  fo  many  times 
.81,  or  8  tenths. 

Cor.    To  find  the  time  of  high  water  at  London 
Bridge,  add  three  hours  to  the  time  of  her  fouthing. 
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P  R  O  B.     XV. 

To  find  the  Moon's  place  in  the  Zodiac,  on  any  day. 

Find  the  fun's  place  for  that  day,  to  which  add 
4  tenths  of  the  moon's  age  in  days ;  that  is,  fo 
many  figns ;  and  you  have  the  moon's  place. 

Example. 

To  find  the  moon's  place  July  20,  1769.' 
Moon's  age  1 7 

•4 

*.;,    i  6.8 

or         6°  24' 
•  Sun's  place        3    28 

Moon's  place  10    22 
Or  Aquarius    ....    220 

For  in  29V  days  the  moon  gains  12  figns  of  the 

fun  •,  and  in  one  day  ihe  leaves  the  fun or  -i- 

29T         10 
of  a  fign.     And  in  any  number  of  days,  Ihe  will 

be  fo  many  times  -i-  of  a  fign  before  him,  or  more 
10 

exactly  .407,  before  him. 

Cor.  "The  moon  leaves  the  fun  1 2  degrees,  or  ra- 

ther  12.2  degrees,  in  a  day.     And —  the  moon's  age 

5 
gives  the  moon's  diftance  from  the  fun,  in  figns. 
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FROB,      XVJ. 
To  find  the  time  of  moon  rifing  or  fitting. 

i    RULE. 

Find  the  moon's  fouthing,  or  how  many  hours 
fhe  fouths  after  noon.  Take  half  this  number  of 
hours,  and  reckon  fo  many  months  forward  from 
the  time  given.  Find  the  hour  of  fun-fet,  for  the 
time  you  reckon  to  •,  this  will  be  the  moon's  femi- 
diurnal  arch,  or  half  the  time  of  her  mining. 

Then  add  the  femidiurnal  arch  to  the  fouthing, 
gives  the  fetting  •,  or  fubtract  it,  and  it  gives  heir 
rifing. 

Note*  between  the  change  and  the  full,  you  need 
only  find  her  fetting,  for  fhe  rifes  in  the  day-time* 
And  from  the  full  to  the  change,  her  rifing  %  for 
then  me  fets  in  the  day. 

Example. 
July  20tb9  1760. 

Moon's  fouthing  13.6  z=  1311  36™. 

half        —         6.8  months. 

6  months  from  July  20,  is  Jan.  20th. 
And  6.8  months  from  July  20th,  is  Feb.  14. 
The  fun  fets  on  Feb.  14th,  at  5h  om  fubft. 

from  moon's  fouthing,     13  ^6 

moon  rife       8h  36™,  at  night. 

For  when  the  moon  fouths  12  hours  after  the 
fun,  fhe  is  got  fix  figns  from  him,  and  then  is 
where  the  fun  would  be  fix  months  after  -,  and 
whatever  her  fouthing  be,  fhe  is  advanced  fo  far, 
as  the  fun  would  be,  after  half  that  number  of 
months.  And  when  fhe  is  there,  her  femidiurnal 
arch  is  equal  to  the  fun's,  or  equal  to  the  hours  of 
D  3  fun-fet. 
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fun-fet.     And  this  is  the  arch  the  moon  has  to  de- 
fcribe  after  her  fottthing. 

2     RULE. 

Find  the  moon's  place  fc,  the  zodiack,  and  the 
fun's  femidiurnal  arch  when  he  is  there  ;  which  will 
alfc  be  the  moon's. 

Then  to  -^  the  moon's  age,  add  the  femidiur- 
nal arch,  for  the  fetting  -,  or  fubftract  it,  for  the 
rifmg. 

Examp. 

On  July  10th,  1769.  The  moon's  age  is  7,  and 
her  place  6s   120,  and  her  femidiurnal  arch  5h  40m. 

TV  her  age  $.6  =  5h    36- 

add  —  5     40 


Moon  fets  at         nh   i6m  at  night. 


For  J^-  of  her  age  is  the  time  of  her  fouthing, 
and  her  femidiurnal  arch  is  the  fame  as  in  the  firit 
Rule. 

Cor.  i .  Hence  the  time  of  the  moon's  /Joining  is 
twice  the  femidiurnal  arch  found  above. 

Cor.  2.  From  hence  it  is  eafy  to  knozv  how  long  the 
moon  fkines  after  Jun-fet,  or  before  fun  rife.     Thus, 

To  the  fouthing  add  the  femidiurnal  arch,  and 
fubtracl:  the  time  of  fun-fet ;  for  the  hours  of  mining 
after  fun-fet. 

And  to  the  time  of  fun-rife  add  the  femidiurnal 
arch,  and  fubtracl  the  fouthing  (after  12  is  abated )9 
and  you  have  the  hours  of  mining  before  Tun-rife. 
.  For  the  moon's  fetting  —  the  fun's  fetting  — 
hours  of  mining  after  fun-fet.  And  fun-rife  — 
moon-rife  —  hours  of  mining  before  fun-rife. 
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Scholium. 

Thete  rules  will  fometimes  vary  an  hour  or  more, 
which  is  occafioned  by  the  moon's  latitude,  and  ir- 
regular motion.  The  fix  laft  Problems  are  properly 
aflronomical ;  but  having  fo  near  a  relation  to  Chro- 
nology, are  put  here ;  and  ferve  well  enough  for 
computing  thefe  things  for  ordinary  ufe,  and  are 
cafily  wrought. 

PROB,     XVIL 
'To  find  the  Roman  indiftion. 

The  Roman  indiftion^  was  a  term  or  period  of 
fifteen  years,  of  ufe  among  the  Romans.  For  once 
in  fifteen  years,  they  colle&ed  a  tribute  or  tax  from 
fuch  countries  as  they  had  conquered.  But  this 
period  is  of  no  manner  of  ufe  now,  but  only  as  it 
is  an  ingredient  in  the  Julian  period.     To  find  it, 

RULE. 

Add  3  to  the  year  of  Chrift,  and  divide  by 
15,  the  remainder  is  the  indiclion.  If  o  remains* 
take  15. 

Exam. 

For  the  year  1769 
add       3 


1772 


15)1772(118 
15 


27  122 

15  I2° 

122  2  the  indifition.    ■ 

D  4  Scho- 
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S    C    H    O    L. 

There  is  an  old  rule  which  will  give  the  Golden 
number,  Cycle  of  the  Sun,  and  Roman  lndiclion, 
all  at  once  ;  'tis  this, 

When  i,  9,  3,  to  the  year  has  added  beeny 

Divide  by  19,  28,  15. 

P  R  O  B.     XVIII. 

To  convert  one  Era  or  period  into  another. 

RULE. 

We  muft  firft  know  what  year  of  any  Era  or  pe- 
riod, anfwers  to  the  firft  year  of  Chrift  for  any  o- 
ther  Era) ;  or  what  year  of  Chrift  anfwers  to  the 
firft  year  of  any  period  or  Era.  Then  1  fubtracl- 
ed  from  that  year,  gives  the  reducing  number. 

Or  thus^  find  how  many  years  one  Era  begins 
before  the  other ;  and  that  will  be  the  reducing 
number  \  which  being  added  or  fubftracled  as  the 
cafe  requires,  gives  the  correfpondent  year  com- 
plete in  all  cafes  ;  and  likewifc  the  year  current  in 
all  cafes,  except  when  they  run  contrary  ways  ;  and 
then  a  unit  muft  be  added  to  one  of  the  numbers 
to  make  them  correfpond. 

Ex.  1. 

What  year  of  the  Julian  period  anfwers  to  1769  of 
the  Chriftian  Era  ? 

The  Julian  period  begun  47 1 3  years  before  Chrift, 
therefore  to  1769 

add         4713 


Anfwer,     648 2d  year.  I.  P. 


Ex. 
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Ex  amp.  2. 

What  year  of  Chrift  anfwers  to  the  4635th  year  of 
the  Julian  period  ? 

Here  4713  Ihould  be  fubtra&ed  from  4635,  but 
it  being  bigger,  we  mull  fubftract  the  other  from 
it,  and  the  remainder  will  be  years  before  Chrift. 

4635 
—4713 

—  78  years  compleat. 

But  becaufe  the  year  of  Chrift  is  running  back- 
ward, it  will  be  the  79th  year  current  before  Chrift. 

Ex.  3. 

What  year  of  the  Era  of  Nabonajfar  anfwers  to 
1769  of  the  Chrift ian  Era  ? 

The  Chriftian  Era  began  747  years  after  that  of 
Nabonaflar. 

To         747 
add       1769 

2516  year 


Ex.  4. 

What  year  of  Chrift  anfwers  to  the  20th  of  Nabo- 
najfar ? 

20 

—747 

— 727  years  compleat. 
before  Chrift  728  years  current. 

Ex.  5. 

What  year  of  the  Hegira  of  the  Turks,  anfwers  to 
the  30th  year  before  the  Tezdegird  of  the  Perfians  ? 

The 
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The  Hegira  begun  10  years  before  the  Yezdegird, 
from  30 
fub.     10 

20  year  current  or  compleat. 

S  c  h  o  L. 

In  ufing  any  period,  if  the  number  be  more  than 
the  period  ;  divide  by  that  period,  and  the  remain- 
der is  the  number  of  the  year. 

P  R  O  B.     XIX. 

Having  the  cycles  of  the  fun  and  moon  •,  to  find  the 
year  of  the  Dionyfian  period, 

RULE. 

Multiply  the  cycle  of  the  fun  by  57,  and  the 
cycle  of  the  moon  by  476;  add  the  products  toge- 
ther, which  divide  by  532,  the  remainder  is  the 
year  required, 

Examp. 

Let  the  cycle  of  the  fun  be  1 7,  and  of  the  moon  til 

17X57  =    969 
476X  u  =  5236 

532)6205(11  periods, 
532- 

885 

532 


the  year       ^^  of  the  period. 

Invefligation.  Find  two  numbers  2$x  and  igy^ 
that  being  refpeclively  divided  by  28  and  19,  will 
leave  no  remainder;  but  divided  alternately  by  19 

and  28  will  leave  1  -9  that  is,  leaves   1,    and 

i9y 
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121  leaves   i.     Whence    2*x  ~  l     zz  a  whole 
28  19 

number,    zz  x  -r  ^        *,  therefore  9  sz 

19  19 

a  whole  number  zz  ^,    and  by  reduction,    x  zz 

'#+'    =2P+  Z±l .  therefore  £JlI  =  a 

9  9  9 

whole  number  =  q ;    whence  p  =  gq  —  1  ;    the 

leaft  value   of  q  is    t,    therefore  p  zz  8,   x  zz 
(]9PjLl  -  )  17,  and  28*  =  476  =  A. 

9  _ 

Again,  *9y  =  a  whole  number  —  p,  then 

=  2j£+i    =       +    gM^    and  9P±1    J   a 
19  19  19 

whole   number  r:  j,    and  />   z=  ,.  9?  —  2* 

9 

4-  ^        f ;  therefore  ^         ,  z=  a  whole  number  zz 

9  9 

r,  and  q  zz  §r  +  i  ;  and  the  lead  value  of  r  is  o, 

theng=,,f=(I2iZ2=),,j=(afr  +  '=\ 
V       9       ■  /  v      19  / 

3  •,  and  iqy  =  57  =-B. 

Now  if  A  be  multiplied  by  any  number  #,  and 
dividing  by  19,  it  will  leave  n  remaining,  but  divi- 
ded by  28  will  leave  o. 

Alio  if  B  be  multiplied  by  any  number  m9  and 
divided  by  28,  it  will  leave  m  remaining;  but  di-  . 
vided  by  19  it  leaves  o. 

Therefore  »A  -f  mB  divided  by  28,  will  leave 
m(iy)-,  and  divided  by  19,  will  leave  n  (11); 
therefore  »A  +  wB  is  the  year  of  the  period.  But 
fince  this  may  exceed  28X  19  or  532  ;  therefore 
divide  by  532,  and  the  remainder  is  the  year  of  the 
period. 

Cor. 
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Cor.  The  year  of  the  Diony/ian  period  being  given  ; 
the  cycles  of  the  fun  and  moon  are  founds  by  dividing 
refpetlively  by  28  and  1 9 ;  for  the  remainder  is  the 
number  of  the  cycle. 

P  R  O  B.    XX. 

Having  the  Cycles  of  the  Sun,  Moon,  and  Indittion  \ 
to  find  the  year  of  the  Julian  period. 

RULE. 

Multiply  the  cycle  of  the  fun  by  4845, 
the  cycle  of  the  moon  by  4200, 
the  cycle  of  indi&ion  by  6916, 
divide  the  fum  of  the  produces  by  7980,    the  re- 
mainder is  the  year  of  the  Julian  period. 

Ex  amp. 

Let  the  Sun's  Cycle  be  17,  the  Moon's  11,  the  In- 
diclion  6. 

4845  X  17  r:  82165 
4200  X  11  =  46200 
6916  X  6  zz  41496 

7980)170061(21  periods. 
15960. 

1 046 1 
7980 


the  year      2481,  of  I.  P. 

Inveftigaticn.  Since  28  X  19  X  15  =  7980,  and 
28  x  ig  =  532,  28  X  15  =  420,  19  x  15  =  285- 
Firft  find  three  numbers  532  x  (A),  42qy  (B), 
2852  (C)  •,  that  being  refpeclively  divided  532,420, 
and  285,  will  leave  o  remaining.  But  the  firit  di- 
vided by  15  leaves  1,  the  fecond  by  19  leaves  1, 
the  third  by  20  ieaves  1. 

Pro- 


CHRONOLOGY.  6% 

Proceeding  as  in  the  laft  Problem,  you  will  find 
r  =  13,  y  zz  10,  z  zz  17  •,  and  532*  zz  6916 
=  A;  42qy  zz  4200  zz  B;  and  2852;  zz  4845  zzC; 
as  may  be  eafily  tried  by  dividing. 

Therefore,  as  in  the  lad,  n A  +  mB  +  pC  di- 
vided by  15,  19,  and  28  refpeclively,  will  leave 
the  remainders  0,  m,  and  p  -,  and  therefore  «A  + 
mB  -f-  />C  is  the  year  of  the  period,  or  the  remain- 
der, after  it  is  divided  by  7980.  For  the  quotient 
only  fhews  how  many  periods  are  elapfed. 

Cor.  The  year  of  the  Julian  period  being  given,  the 
cycles  of  the  fun,  moon,  and  indiclion  are  found,  by 
dividing  by  28,  19  and  15  refpeclively  -,  the  remainder 
is  the  number  of  the  cycle. 

P  R  O  B.     XXI. 

To  explain  the  Calendar,  its  nature  and  conftrutiion. 

A  Calendar  is  a  table  containing  1 2  months,  with 
all  the  days  of  thefe  months,  fet  down  in  order. 
And  the  months  are  alfo  divided  into  weeks  by  the 
7  firft  letters  of  the  alphabet.  On  the  top  of  the 
following  Calendar,  you  have  the  name  of  each 
month  ;  in  the  firft  column  are  the  days  of  the 
month,  numbered  1,  2,  3,  &c.  In  the  fecond  co- 
lumn you  have  the  letters  of  the  week  days,  and 
the  golden  numbers.  In  the  third  column  are  the 
holidays,  and  other  remarkable  fixt  days,  fet  a- 
gainft  the  proper  days  of  the  month. 

Among  the  letters,  that  which  ftands  for  Sun- 
day at  the  beginning  of  the  year,  will  be  the  Sun- 
day letter  for  all  the  year,  and  will  point  out  ail  the 
Sundays.  And  the  like  for  the  reft  of  the  letters, 
the  fame  letter  always  denoting  the  fame  day  of 
the  week  quite  thro'  the  year. 

The 
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The  golden  numbers  are  fo  difpofed,  that  the 
golden  number  for  any  year,  flands  againft  the 
day  of  the  moon's  changing,  in  every  month.  But 
as  thefe  numbers  only  mew  the  mean  time  of  the 
conjunction,  they  may  fometimes  vary  a  day  from 
the  heavens ;  and  as  thefe  numbers  are  calculated 
to  the  prefent  time ;  after  the  beginning  of  the 
year  1800,  thefe  numbers  muft  be  placed  for  fup- 
pofed  to  be  placed,)  a  day  later  or  lower  in  the 
Calendar. 

If  the  full  moon  be  required,  it  is  only  reckon- 
ing fifteen  days  from  the  change,  and  then  it  will 
agree  with  the  new  Calendar, 


The 
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$S 


JANUARY. 

FEBRUARY. 

mon. 

letters' 

Holy  days  and 

monJ  letters  1    Remarkable 

days. 
i 

gol 

n 

other  days. 

days.jgol.  n. 

days. 

A 

9 

New  year's  day. 

1 

D 

Bridget. 

2 

3 

2 

E    17 

Candlemas  day. 

3 

C 

*7 

3 

F      6 

4 

D 

6 

4 

G 

5 

E 

5 

A    14 

Agatha  V.&M. 

6 

F 

M 

Twelfth  day. 

6 

B      3 

Dorothea. 

7 

G 

Julian. 

7 

C 

8 

A 

3 

Lucian  M. 

8 

D    n 

9 

B 

1 1 

9 

E    19 

IO 

C 

10 

F 

ii 

D 

l9 

1 1 

G      8 

1 

12 

E 

8 

12 

A    16 

13 

F 

Hillary. 

13 

B 

14 

G 

16 

Foelix. 

*4 

C      5ValentineB&M. 

•5 

A 

J5 

D 

16 

B 

5 

16 

E    13 

J7 

C 

*3 

Anthony. 

17 

F      2 

18 

D 

Prifca,  V.  &M. 

18 

G 

19 

E 

2 

19 

A    10 

20 

F 

10 

Fabian,  B.&M. 

20 

3     18 

21 

G 

Agnes,  V.&M. 

21 

C 

22 

A 

18 

Vincent  M. 

22 

D      7 

23 
24 

8 

7 

23 

E    15 

C 

Timothy. 

24 

F 

St.  Matthias. 

25 

D 

"5 

Conv.  St.  Paul. 

25 

G      4 

26 

E 

4 

26 

A 

27 

F 

27 

B     12 

28 

G 

12 

28 

C       1 

29 

A 

D 

3° 

8 

1 

31 

C 

9 

The 
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MARCH. 

APRIL. 

mon.|letters 

Remarkable 

mon. 

letters 

Remarkable 

days. 
1   1 

gol.  n. 

days. 

days. 

1 

goln. 

days. 

D     9 

St.  David. 

G 

2 

E 

Chad  B. 

2 

A    17 

3 

F    17 

3 

B      6 

Richard. 

4 

G 

4 

C 

St.  Ambrofe. 

5 

A     6 

5 

D    14 

6 

B    14 

6 

E      3 

7 

C 

7 

F 

8 

D      3 

Philemon. 

8 

G    ix 

9 

E    11 

9 

A    19 

10 

F    19 

10 

B 

1 1 

G 

ii 

C      8 

12 

A      8 

Gregory. 

12 

D 

*3 

B 

13 

E    16 

14 

C    16 

14 

F      5 

*5 

D      5 

15 

G 

Perpetua. 

\6 

E 

16 

A    13 

*7 

F    13 

St.  Patrick. 

*7 

B      2 

■ 

18 

G   •  2 

Edward. 

18 

C 

*9 

A 

•  19 

D    10 

20 

B     10 

St.  Cuthbert. 

20 

E    18 

, 

21 

C     18 

BenedicT:. 

21 

F 

22 

D 

22 

G     7 

23 

E      7 

23 

A    15 

St.  George  M. 

24 

F 

24 

B 

25 

iG    15 

Lady  day. 

25 

C      4 

St,  Mark. 

26 

A     4 

26 

D 

27 

B 

27 

E    1 2 

28 

iC     12 

28 

F      1 

29   D      1 

29 

G 

30   E 

30 

A     9 

Jacob. 

31    F     c 

The 
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MAY. 

J 

U  N  E. 

mo. 

lett. 

Remarkable 

mo 

lett. 

Remarkable 

I 

g.n. 

B  17 

days. 

da. 

g.n. 

days. 

k.Pb.&Ja.May 

1 

E    6 

2 

C 

[day. 

2 

F 

3 

D    6 

3 

G  14 

4 

E 

4 

A    3 

5 

F  14 

5 

B 

Boniface,  M. 

6 

G    3 

Silvanus. 

6 

C  11 

7 

A 

7 

D  19 

8 

B  11 

8 

E 

9 

C  19 

9 

F     8 

10 

D 

10G 

11 

E    8 

1 1 

A  16 

St.  Barnabas. 

12 

F  16 

12 

B       A, 

13 

G    5 

*3 

C 

14 

A 

14D  13 

l5 

B  13 

15E    2 

16 

C     2 

• 

16 

F 

'7 

D 

«7 

G  10 

St.  Alban,  M. 

18 

E  10 

18 

A  18 

*9 

F 

Prudent  V. 

T9 

B 

20 

G  18 

20 

C    7 

21 

A    7 

21 

D  15 

22 

B 

24 

E 

23 

C  15 

23 

F    4 

24 

D    4 

24 

G  12 

St,  John  Bapt. 

25 

E 

25 

A 

20 

F  12 

26 

B     i 

27 

G    1 

Bede,  V. 

27 

C     9 

2S 

A 

28 

D 

- 

29 

B    9 

29  E  17 

St.  Peter. 

3° 

C 

r  3oF     6 

Lucina. 

3" 

D  17 

1    ! 

The 
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A  R. 

JULY. 

AUGUST. 

nio. 

lett. 

Remarkable 

mo. 

lett. 

Remarkable 

da. 

g.  n. 

days. 

da. 

g.n. 

days. 

G 

1 

C 

Lammas  day. 

2 

A  14 

2 

D    3 

3 

B    3 

Cornelius. 

3 

E  11 

4 

C 

4 

F 

5 

D  1  j 

5 

G  19 

6 

E 

6 

A 

7 

F  19 

Tho.  a  Becket. 

7 

B    8 

8 

G    8 

8 

C16 

9 

A 

9 

D 

10 

B  16 

10 

E    5 

St.  Laurence  M. 

ii 

C    5 

11 

F  13 

12 

D 

12 

G 

Clara  V. 

J3 

E  13 

13 

A    2 

14 

F     2 

14 

B  10 

*5 

G 

Swithin  B. 

!5 

C 

16 

A  10 

16 

D  18 

i? 

B 

17 

E 

18 

C  18 

18 

F    7 

Helena. 

*9 

D    7 

*9 

G  15 

20 

E 

MargaretV&M. 

20 

A 

Bernard. 

21 

F  15 

21 

B    4 

22 

G    4 

St.  M.Magdalen 

22 

C   12 

23 

A 

23 

D 

24 

B  12 

Chriftiana. 

24 

E    1 

St.Bartholomew 

25 

C    1 

St.  James. 

25 

F    9 

• 

2( 

D 

St.  Ann. 

26 

G 

27 

E   9 

27 

A17 

28 

F17 

28 

B    6 

Auguflinc. 

29 

G 

Martha, 

29 

C 

3° 

A    6 

30 

D14 

gi 

B  14 

31 

E    , 

1 

The 
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SEPTEMBER. 

OCTOBER. 

mo. 

lett. 

Remarkable 

mo. 

lett. 

Remarkable 

da. 

g.  ft. 

days. 

da. 

1 

g.  n. 
A 

days. 

1 

F 

Giles. 

Kemigius,  &. 

2 

G  11 

2 

B  n 

3 

A 

3 

C  10 

4 

B  19 

4 

D 

Francis. 

6 

C     8 

5 

E    8 

5 

D 

6 

F 

Faith  V.  &  M. 

7 

E  16 

7 

G  16 

Julia. 

8 

F     5 

Nat.  V.  Mary. 

8 

A    5 

9 

G 

9 

B 

S.  Dennis. 

10 

A  13 

10C  13 

11 

B     2 

11  [D    2 

12 

C 

12  E 

l3 

D  10 

13'F  10 

14 

E 

h.  Rood  d.  h.  cr. 

14G  18 

l5 

F  18 

15  A 

16 

G    7 

16B     7 

*7 

A 

Lambert  B&M. 

17C  15 

Etheldred  V. 

18 

B  15 

18D 

St.  Luke. 

'9 

c    4 

19E    4 

20 

D 

20F 

2 1 

E  12 

St.  Matthew. 

21  G  12 

Urfula. 

22 

F 

22 

A     1 

23 

G    1 

23 

B 

24 

A    9 

24 

C    9 

25 

B  17 

2^ 

D  17 

Crifpin. 

26 

C       S.  Cyprian. 

26 

E 

27 

D    6 

1 

27 

F    6 

28 

E     | 

28 

G  14 

St.  Simon  &Jude. 

29 

F  146V.  Michael. 

29 

A 

3° 

G    3  St.  Jerome. 

3° 

B     3 

1 

31 

C  11 

E  1 


The 
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NOVEMBER. 

DECEMBER.     J 

mo. 

lett. 

Remarkable 

mo. 

lett. 

Remarkable 

da. 
i 

D 

days. 

da. 

g.->. 

days. 

All  Saints. 

A 

F  19 

2 

E  19 

All  Souls. 

2 

G 

2 

F     8 

3 

A    8 

4 

G 

4 

B 

Barbara. 

5 

A  16 

5 

C  16 

6 

B     /; 

Leonard. 

6 

D    5 

Nicholas,  B. 

7 

!    8 

C 

7 

E 

D  13 

8 

F  13 

:   9 

E    2 

9 

G    2 

! 

10 

F 

10 

A 

ii 

Gio 

St.  Martin  B&C. 

ii 

B  10 

12 

A 

12 

C  18 

r3 

B  18 

Brice. 

*3 

D 

Lucy,  V.  &  M. 

C    7 

14 

E    7 

I5 

D 

Machine. 

15 

F  i5 

16 

E  15 

16 

G 

*7 

F    4 

Hugh,  B. 

*7 

A    4 

18 

G 

18 

B  12 

J9 

A  12 

Elizabeth. 

l9 

C 

20 

B 

Edmund. 

20 

D    1 

2  l 

C     1 

21 

E 

St.  Thomas. 

1     22 

D    9 

Cecilia. 

22 

F     9 

2  2 

Sc.Clem.B&M. 

23 

G  17 

■J 

24 

25 

F  17 
G    6 

Catharine. 

24 
25 

A 
B     6 

Chriftmas  day. 

26 

A 

26 

C  14 

St.  Stephen. 

27 
28 

B   14 

27 

D 

St.  John  Evan. 

C    3 

28 

E    3 

Innocents. 

29 

3C 

D 

29 

F  u 

E  1 1 

St.  Andrew. 

30 

G 

S.  Roger. 

i     31  A  ipSilvefter,  B. 

Cor. 
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Cor.  Hence  it  will  be  no  hard  matter  to  compofe  an 
Almanack,  from  what  has  been  laid  down  before. 

For  in  the  firft  place  you  muft  have  a  (Calendar* 
which  is  the  balls  of  all  the  work  ;  in  this,  the 
fixt  days  are  already  placed.  Then  the  chronolo- 
gical notes  for  the  year ;  then  all  the  moveable 
days  are  next  to  be  inferted,  and  likewife  the  law 
days  j  all  the  fun  days,  and  holidays,  whether  fixt 
or  moveable,  are  put  in  red  letters  for  diftinction,. 
The  law  terms  are  thefe, 

Eafter  term  begins  i  7    days   after  Eafter,  and 
£nds  the  Monday  following  Afcenfion  day. 

Trinity  term  begins  12  days  after  Whitiuntide* 
and  continues  19  days. 

Michaelmas  term  begins  the  9th  or  10th  of  Oc- 
tober, and  ends  the  ahth  or  29th  of  November. 

Hillary  term  begins  Jan.  23  or  24,  and  ends. 
Feb.  12  or  13. 

Likewife  the  Univerfity  terms  may  be  put  in  if 
any  one  pleafes. 

The  next  thing  to  be  done,  is  to  put  into  fepa- 
rate  columns  the  rifing  and  fetting  of  the  fun,  the 
rifmg,  fouthing,  and  fetting  of  the  moon,  and 
likewife  the  change  and  full,  and  quarters  of  the 
moon  •,  and  fuch  other  aftronomical  matters  as  may 
be  thought  ufeful. 

But  to  have  an  Almanack  compleat,  all  the  Ce^ 
leftial  Phenomena  ought  to  be  put  in,  fuch  as  the 
Sun  and  Moon's  places  and  declinations  \  the  he- 
liocentric and  geocentric  places  of  all  the  planets^ 
with  their  latitudes  ;  the  moon's  place  and  latitude-, 
the  rifing,  fouthing  and  fetting  of  the  planets  ;  the 
eclipfes  of  the  luminaries  \  the  afpects  of  all  the 
planets  ;  the  places  and  eclipfes  of  Jupiter's  fatel- 
lites  j  the  fouthing  of  the  ftars,  the  beginning  and 
end  of  twilight  ;  the  equation  of  time,  the  fun's 
right  afcenfion,  and  other  fuch  like  things.  Molt 
£  3  of 
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'of  thefe  things  vary  every  year,  and  therefore  an 
Almanack  lafts  but  for  one  year. 

There  are  four  things,  which  ought  always  to  be 
kept  in  memory  :  the  year,  the  month,  the  day  of 
the  month,  and  day  of  the  week. 

I  mall  now  infert  a  Chronological  Table,  fhew- 
ing  the  times  when  the  moft  noted  events  happen- 
ed, which  are  mentioned  in  Hiftory ;  fuch  as  the 
changes  of  Kingdoms,  the  rife  and  fall  of  Monar- 
chies, the  lives  of  famous  men,  and  fuch  like 
things.  And  tho'  the  Chronology  of  antient  times 
is  very  uncertain,  yet  it  may  not  be  amifs  to  know 
within  a  little,  when  fuch  or  fuch  a  tranfaction  hap- 
pened ;  altho*  by  reafon  of  the  great  diflance  of 
time,  it  cannot  be  known  fo  accurately  as  we  could 
wifh. 


A  Chro- 
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A    Chronological    TABLE. 


The  Time  is  fhewn  in  Years  befon 
•        Christ. 


and  fince 


THE  Creation  of  the  World  according 
to  Mofes  ;  Adam  made.     By  fome  Ac 

counts  4000,  by  others  55085  by  others 

3956  years,  

Seib,  the  fon  of  Adam,  born  — 

Enos*  the  fon  of  Seth,  born  — 

Cainan,  the  fon  of  Enos,  born  — ! 

Mahaleely  the  fon  of  Cainan,  born 
Jared  born,  the  fon  of  Mahaleel, 
Enoch  born,  the  fon  of  Jared,  — - 

Mathufalem  born,  the  fon  of  Enoch, 
Lantech  born,  the  fon  of  Mathufalem, 
Adam  dies,  aged  930  years,  — 

Noah  born,  the  fon  of  Lamech, 
Noah  beg-ins  to  build  the  ark,  — 

Mathufalem  dies,  aged  969  years,  the  oldeft 

man,  —  — 

The  ark  finifhed.     Noah's  flood,  or  the  uni- 

verfal  deluge,  that  drowned  the  world, 
The  tower  of  Babel  building,  and  the  con 

fufion  of  languages, 
The 

ftars. 

Noah  dies,  950  years  old,  

The  vocation  of  Abraham*  — 

A  famine  cauies  Abraham  to  go  into  Egypt, 
Sodom  and  Gomorrah  burnt,  — 

Ifaac  born,  the  fon  of  Abraham, 
Jacob   born,    the  fon   of  Ifaac  (afterwards 

called  Ifrael)  —  •— 

$b  born,  the  fon  of  Jacob, 

E  4  Jol 


■D  —  O 

Chaldeans  now 


began 


to  obferve  the 
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3950 
3820 

37*5 

36>5 
3555 

349-° 

3328. 

3^3 
3076 

3020 

2894 

2414 

2294 

2294 
2131 


1944 
1927 
1926 
1903 
1902 

1842 
J/51 
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ye.  bef. 

Chrift. 


Job  living,  the  fon  of  Iffachar. 

A  great  famine  caufes  Jacob  and  his  family 

to  go  into  Egypt)  ,  •  — 

Jacob  dies  in  Egypt,   147  years  old, 
Jofeph  alio  dies  in  Egypt,  aged  1 10  years, 

Mofes  born,  — 

The  king  of  Egypt  orders  all  the  male  chil- 
dren of  the  Hebrews  to  be  killed, 
The  children  of  Ifrael  go  out  of  Egypt,  and 
Pharoah  and  his  army  drowned  in  pur- 
ing  them,  —  — 

Jojhua  defeats  the  Gibeonites  -,  and  the  fun 

ftands  ilill,  — 

Mofes  dies,   120  years  old,  — 

Jojhua  dies,   no  years  old,  — 

Gideon,  judge  of  Ifrael,  defeats  the  Midi- 
anites,  —  — 

Ruth, 
Abimelech  kills  his  70  brethren,  and  governs 

the  Jews,  — 

Mephres,  king  of  upper  Egypt, 
Mifphragmuthofis  reigned  over    all  Egypt, 

and  drove  out  the  fhepherds, 
Ogyges,  his  flood.     Eli  governs  Ifrael. 
Samp/on  kills  himfelf,  with  3000  Philiilines, 
The  Philiilines    conquer  Ifrael,    and  take 
the  ark,  —  — 

Samuel  judges  Ifrael,  — 

Athens  governed  by  Archons,  — 

Ducalion  king  of  ThefTaly.  — 

nojis  or  Tethmofis  the  2d  king  of  all  Egypt, 
king  of  Ifrael, 
Saul  defeated  by  the  Philiilines,  kills  him- 

felf,  —  —  — 

Sparta  built.  —  —  — 

wrf?/dics,  —  — ~ 

David 


1712 
1695 
1 64 1 

1577 
1573 


1496 

H57 
H33 

1271 


1239 
1125 

1120 

1116 

1 100 
1094 
1080 

1070 
1070 

1060 

1 060 
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David  made  king,  —  — 

David  conquers  the  Edomites,  who  fly  into 

EiJP^  —  — 

Hieram  king  of  Tyre  furnifhes  David  with 

timber,  —  — 

Tyre,  Aradus  built., 

Cadmus  and  Europa. 

Acrifius  marries  Eyridice,  — 

The  Phoenicians  that  fled  from  David*  car- 
ry their  arts  andfciences  into  Greece,  &c. 
and  begin  to  fail  on  the  Mediterranean, 

Ducalion's  Mood  drowned  ThefTaly. 

Amnion  reigns  in  Egypt,  has  fleets  of  mips 
in  the  Red  Sea  and  Mediterranean,      — 

The  Egyptians  begun  to  obferve  the  ftars. 

The  lunifolar  year  altered,  and  made  to  con- 
fift  of  365  days. 

Ceres  tefches  the  Greeks  to  fow  corn, 

Perfeus. 

Solomon  reigns,  and  marries  the  daughter  of 
Amnion,  king  of  Egypt,  — 

Solomon's  temple  founded,  — 

Minos  reigns  in  Crete.  His  father  Afterius 
(Saturn J  flies  into  Italy. 

Sefac,  the  fan  of  Ammon,  invades  Arabia 
Felix,  and  fets  up  pillars  by  the  Red  Sea} 

Solomon's  temple  finifhed,  — 

Sefac  reigns  in  Egypt,  —  — 

Dadalus  invents  the  faw,  wimble,  &c.  and 
gives  a  beginning  to  thefe  arts  in  Eu- 
rope,    ^  — 

Syfiphus  reigns  in  Corinth,  — 

Solomon  dies,  — 

lixhoboam  reigns  in  Ifrael,  Ifrael  divided, 
and  ten  tribes  revolt* 


Scfac, 
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1059 
1048 
1048 

1047 


io34 


1019 
1015 


1010 

1009 
1002 


989 
983 

979 
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Sefac  rifles  the  temple  at  Jerufalern,  and  the 
king's  palace.  Invades  Syria  and  Perfia, 
Jeroboam  fubject  to  him,  — - 

Bacchus  and  Ariadne 

Sefac  invades  India,  fets  up  pillars  on  the 
Ganges,  — 

Tbefeus  reigns  at  Athens,  overcomes  the 
Minotaur,  -—  — 

Licurgus. 

Sefac  conquers  Thrace,  kills  king  Licurgus, 
he  had  Ethiopians  in  his  army  command 
ed  by  Pan  -,  and  Lybian  women  com- 
manded by  Minerva,  — 

Sefac  baffled  by  the  Greeks  and  Scithians, 

Minos  (lain  by  the  king  of  Sicily, 

Hercules  born. 

Helle  drowned  in  the  Hellefpont, 

Abijam  reigns  in  Judea. 

Sefac  (lain  by  his  brother  Japetus  or  Nep- 
tune, ■'"  « — 

Afa  king  of  Judah  reigns. 

Orus  reigns  in  Egypt  and  routs  the  Lybians, 

The  Ethiopians  invade  Egypt,  and  drown 
Orus  in  the  Nile,  - —  — 

Menes,  or  Amenophis,  reigns  in  Ethiopia, 

The  fhip  Argo  built  by  the  Greeks, 

Chiron  makes  the  conftellations. 

T'hefeus,  king  of  Athens,  ftole  Helena, 

Hippocrates. 

The  Argonautic  expedition  to  Colchis, 

Ahab,  king  of  Ifrael,  reigns, 

Paris,  king  Priam's  fon  of  Troy,  ftole  He- 
lena, —  —  — 

Jihofhaphat  king  of  Judah  reigns. 

Cbadiah,  Ellas. 

<£roy  befieged  by  the  Grecians,  — 
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967 

965 

964 

962 


956 


94-7 
946 

939 

93% 

937 
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918 
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Pigmalion  reigns  at 


Trey  taken, 

Dido  builds  Carthage. 

Tyre,  _  — 

ALneas  alive. 

Hefiod,  Homer,  —  -— 

M<eris  reigns  in  Egypt,  —  — 

Jonah. 

The  Heraclides  return  into  Peloponnefus, 
Cephren  reigns   in  Egypt,  and  built  another 

great  pyramid,  —  — 

Hofea,  Amos,  Ifaiah,  Joel. 
Pul  founds  the  A  {Tynan  empire, 
Afychis  reigns  in  Egypt  \  which  breaks  into 

feveral  kingdoms,  —  — 

Ipitus  reftores  the  Olympiads.     And  from 

this  asra,  the  Olympiads  are  reckoned, 
Semiramis  flouri  flies,  -—  — 

Sanchoniathon,  Micab. 

Pul,  king  of  AfTyria,  dies,         —  — 

Tiglapilefar  fucceeds   Pul,    and   reigns 

Nineve. 
Nabonaffar  reigns  at  Babylon,  — 

The  Egyptians  carry  their  Aftronomy 

Babylon,  and  found  the  aera  of  Nabo- 
naffar. 
Ahaz  reigns  in  Judea. 
Damafcus  taken   by  Tiglapilefar,    king  of 

AfTyria,  —  — 

Hezehab  reigns  in  Judea. 
Salmanajfar  fucceeds  Tiglapilefar,  — 

Habakkuk. 
Salmanajfar  takes  Samaria,  and  carries  the 

ten  tribes  captive  to  Nineve,  — 

Sennacherib  reigns  over  AfTyria,         — * 
Syracu/e  built  by  Archias. 
tfabtm>  Tobiah,  or  Tobit. 

Sennacherib 
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776 
760 
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747 


740 
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721 
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Sennacherib  (lain.     The  Medes  revolt  from 

the  AfTyrians,  —  — 

Confucius  the  Chinefe  philofopher. 

Afferhaddon  reigns  in  Aflyria,  he  built  Tar- 

fus  and  Ancliale  in  one  day,         —     — ■ 

Lycurgus, 

The  Corinthians  begin  to  build  mips   with 
three  orders  of  oars,  —  — 

T'irhakah  reigns  in  Egypt,  — 

Afferhaddon  invades  Babylon,  —  — 
The  Jews  conquered  by  Aiferhaddon,  their 
king  ManafTeh  carried  prifoner  to  Babylon, 
Afferhaddon  invades  Egypt,  and  fubdues  it, 
Afferhaddon  dies,  —  — 

Amafis  defeats  Apres,  and  reigns  in  Egypt. 
Saofduchinus  king  of  ArTyria  reigns,         — 
Nebuchadnezzar  defeats  Arphaxad,  the 
Mede,  —  — 

Manaffeh  returns  from  captivity. 
Judith   cut   off    the  head   of    Holofernes, 
Nebuchadnezzar's  general,       —         — 
The  oldeft.  fea  fight  between  the  Corinthians 
and  Corcyreans ;  in  which  the  Corcyreans 
are  worded,  —  — 

Pfammiticus,  by  conquering  the  other  eleven 

kings,  becomes  king  of  all  Egypt, 
The  firft  MefTenian  war,  —  — 

Charops  the  firft  decennial  archon  at  Athens, 
Saofduchinus  dies. 

Chyniladon  reigns  in  ArTyria,  —  — 

Jofiah  reigns  in  Judea,  —  — 

Phraortes,  king  of  the  Medes,  killed  in  the 
ArTyrian  wars,  —  — 

Afiyages  king  of  the  Medes,         — *         < — 
Jeremiah,   Zephaniah. 

Cyrene  built  by  Battus,  «*  — 

Rome 
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Rome  built  by  Romulus,  (by  tke  common 
account  752),  —  —       — 

Nabopolaffar  revolts  from  the  king  of 
Aflyria,  and  reigns  over  Babylon,     — 

VJammiticus  conquered  by  Cambifes  king  of 
Perfia,  —  —  ~ 

Tarentum  built  by  Phalantus,        —         — 

Pfammiticus  dies,  —  —         — 

Nechaoh^  or  Pharaoh  Necco^  reigns  in  Egypt, 

Cyaxeres  reigns  over  the  Medes,         — 

Jojiah,  king  of  Ifrael,  (lain  by  Nechaoh, 

Solon. 

Nebuchadnezzar  reigns  ^at  Babylon, 

Nebuchadnezzar  defeats  Neco. 

Nineve  deftroyed,  and  the  AiTyrian  empire, 

Daniel, 

The  fecond  MefTenian  war, 

Nebuchadnezzar  invades  Syria  and  Judea, 
under  NebopolafTar  his  father,     —      — 

Nebuchadnezzar  king  of  Babylon,       — 

The  kingdom  of  Macedon  founded  by 
Carannas  and  Perdiccas,         —  — 

j&edekiah   reigns  in  Judea. 

Shales  Milefius. 

Cyaxeres  makes  war  againfl  the  Lydians, 

Judith. 

Arphaxad  reigns  over  the  Medes,         — 

Nebuchadnezzar  burnt  the  temple  of  So- 
lomon, and  carried  the  Jews  captive  to 
Babylon,  —  —  —         — 

Meffana  built,         —  —  — 

The  Adrians  beaten  by  the  Medes,  under 
Aftyages,  —  —  — 

A  total  eclipfe  of  the  fun,  predicted  by 
Thales  put  an  end  to  the  war  between 

the 
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589 


588 
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the  Medes  and  Libians,  May  28th, 

Baruch. 

Nebuchadnezzar  invades  Egypt,  and  con- 
quers it,  —  «— *  — 

Darius  the  Mede  reigns. 

Hagai,  Zechariah. 

Solon,  archon  of  the  Athenians,  makes  laws 
for  them,  —  —  — 

Cyrus  firft  king  of  Perfia,  —  — 

Nabonadius  king  of  Babylon,        —         — 

Negropolajfar  defeated  by  Cyrus,  — 

Cr<efus  king  of  Lydia  conquered  by  Cyrus 
king  of  Perfia.  So  ended  the  kingdom 
of  the  Lydians,  —  — 

Cyrus  takes  Sardes,  —  — 

Cyrus  takes  Babylon,  — - 

Belfhazzar,  the  laft  king  of  the  Babylonians* 

Cyrus  overcomes  Darius  the  Mede,  and  tran- 
slates the  empire  to  the  Perfians,  • — 

The  Jews  return  from  captivity. 

Cyrus  dies, ■ 

Cambifes,  king  of  Perfia,  took  Memphis, 
Subdued  the  Ethiopians,  — 

Darius,  the  fon  of  Hyftafpes,  reigns  in 
Perfia,  —  — 

The  Magi  are  (lain. 

Zoroajier,  Efther,  Pindar,  Anacrton. 

The  fecond  temple  built  at  Jerufakm  at  the 
command  of  Darius,  —         — - 

Tarquin  the  laft  king  of  the  Romans  ex- 
pelled, and  confuls  elected,  — 

Anaxagoras. 

The  Athenians  beat  the  Perfians  at  Mara- 

Xerxes  reigns  (called  alio  Ahafuerus) 
Xerxes  defeated  by  the  Greeks,  — 

Xerxes  1 
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Xerxes  pafles  over  the  Hellefpont,  fought 
Leonidas  king  of  Sparta,  who  beat  him, 
Athens  burnt  by  Mardonius,  Xerxes's  ge- 
neral, —  — 
Artaxerxes  Longimanus  reigns,  — 
Efdras. 

Artaxerxes  kills  his  brother,  — 

Ezra  returns  into  Judea,  —  — 

Nehemiah. 
Herodotus^  Meton. 

The  Peloponnefian  war  begins,  —- 

Hippocrates,  Democritus* 
Darius  Nothus  reigns,  —  — 

Thucidides. 

The  Jewijh  hiftory  ends,  — 

Ninias,     the  Athenian  admiral,  frightened 

by  feeing  an  eclipfe  of  the  moon, 
Artaxerxes  Mnemon  reigns,  — • 

Ezra,  Socrates,  Plato,  Zenophon,  Pappus. 
The  end  of  the  Peloponnefian  war,  — 

Philip,  king  of  Macedon,  reigns, 
Malachi,  Nehemiah,  Eudoxus,  Arijiotk. 
Artaxerxes  Orchus  reigns,  —  — 

Arogus  reigns,  — ■  — 

Darius  Co  dom  annus  reigns  in  Perfia, 
Alexandria  in  Egypt  built,  — 

Alexander  the  Great  conquers  the  Perfians, 
and  tranflates  the  empire  to  the  Greeks, 
Darius  Codomannus,   the  lafl  king  of  Perua, 
(lain,  —  — 

Alexander  the  Great  died  at  Babylon, 
Plolomy  Soter, 
Eratoftenes,     Epicurus. 
Antigonus  routed  by  the  Syrians,  — 

Agatbocles  king  of  Sicily,  — 
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An  eclipfe  of  the  fun  happened  Aug.  15, 
when  Agathocles  was  crofling  the  fea  againft 
the  Carthaginians,  —  — 

Euclid,  Manetho,  Berofus. 
Ptolomeus  Philodelphus  reigns  in  Egypt, 

Aratus. 
The  Arundelian  marbles  compofed,  — 

Firft  Tunic  or  Carthaginian  war,  — 

Quintus  Fabius  PicJor,  the  oldeft  Latin  hif- 

torian,  —  — 

The  Chinefe  wall  built,  — 

The  fecdnd  Punic  war,  — ■  — 

Hannibal,  the  Carthaginian,  defeats  the  Ro- 
mans at  Pavia,  —  — 
Hannibal  defeats  the  Romans  at  Can  no, 
Archimedes. 

Syracufe  taken  by  Marcellus,  — 

Antiochus  Epiphanes  began  to  reign  in  Syria, 
Antiochus  plunders  the  temple  at  Jerufalem, 

and  murders  the  Maccabees,  —  — 
Macedon  becomes  a  Roman  province.     A 

lunar  eclipfe,  —  —  — 

Judas  Maccabeus  routs  Antiochus,  — 

Terence,  Hipparchus,  Hippocrates. 
The  third  Punic  war,  —  — 

Carthage  and  Corinth  burnt  by  the  Romans, 
The  hiflory  of  the  Maccabees  ends,  — 

Lucilius,  Galen,  Polibius. 
Civil  wars  at  Rome  between  Pompey  and 

Crefar,  —  — 

Jerufalem  taken  by  Pompey,         —         • — 
Cataline's  confpiracy,  Cicero,  Varro,  ■ — 

The  Triumvirate  of  Pompey,  Rome  enflaved, 
Csfar  conquers  the  Gauls,  —  — 

—  invades  Britain,  —  — ~ 

Julius  Cafar  defeats  Pompey,        —       — 

Pompey 
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Pompey  (lain  by  Csefar,  in  Pharfalia, 

Saluft. 

Alteration  of  the    year  by  Julius  Cajar, 

where  he  corrects  the  calendar,         — 
Julius  Cajar  burns  the  famous  library  at 

Alexandria,  containing  700,000  volumes, 
■         killed  in  the  Senate  houfe  by  Brutus 

and  Caffius,  —  — 

Herod  made  king  of  Judea, 
Brutus  and  Cajfius  being  defeated  kill  them 

felves. 
Diodorus  Siculus. 
The  triumvirate  of  Mark  Anthony,  Lepidus 

and  Auguftus,  —  — 

Jerufalem  taken  by  Herod,  —  — 

Anthony  lofes  the  battle  of  Aclium,         — 
Cleopatra  dies,  and  Egyyt  becomes  a  Ro- 
man province,         —         —         — 
Virgil,  Horace,  Ovid,  Lucretius,  Livyf  Bio- 

nyjius,  Cornelios  Nepos.  — 

Auguftus  Emperor,  and  fole  mafter  of  the 

world,  —  —  — 

J  ejus  Chrijt  born,         —  —  — 

Herod  murders  the  innocent  children. 

The  vulgar  aera  of  Chrift  begins, 

Trogus  Pompeius. 

Auguftus  dies  ;  Tiberius  fucceeds,  — 

J  ejus  Chrift  crucified,  —  — 

Cuius  Caligula  Emperor,  —  — 

Philo,  Seneca. 

Claudius  Emperor,  —  — 

Nero  Emperor,  —  — 

Sets  Rome  on  fire  for  fport,  — • 

Galba  Emperor, 
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Viiellius  Emperor,  —  — 

Flavus  Vefpafian  Emperor,  —  — 

He  fent  his  fon  Titus  into  Judea,  who 
deflroyeci  Jerufalem.  Since  that,  the 
Jews  are  difperled  all  over  the  world. 

Jofephus,  Pliny9  Quintus  Curiius. 

Titus  Vefpafian  Emperor,  ■ 

Domitian  Emperor,  —  — 

Cornelius  Tacitus. 

Cocceius  Nerva  Emperor,  

Suetonius  Tranquillus,  Ptolomy. 

The  temple  of  Pantheon  in  Rome  beaten 
down  with  thunder,  —  — 

Adrian  Emperor,  —  — 

Plutarch. 

Arrian. 

The  -Pitts  wall  built,  — 

Appian^  Dion  Caffius. 

Antoninus  Pius  Emperor,.,  — 

"Diogenes  Laertius,  Juftin. 

M.  A.  Antoninus  Emperor,  — 

Corn-modus  Emperor,  —  — 

Sep.  Sever  us  Emperor,  —  — 

Philojiratus. 

A.  Baftianus  Caracatta  Emperor, 

Op.  Macrinus  Emperor, 

Lucius  Florus. 

Herodian,  —  — 

Dioclefian  Emperor,  — -  — 

Conftantine  the  Great  Emperor,  — 

Eufebius. 

The  council  of  Nice  held,  ■ 

Confantinople  rebuilt,  —         ,    — 

Julian  Emperor,  — '  — 

St.  Jerome,  Rufinus. 

Vr.lentinian  and  Vakns  Emperors,  — 

Epi- 
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Epiphanes. 

Tbeodqfius  Emperor,  ■ 

Zozimus,  St.Auftin. 

Honor  his  Emperor  of  Rome,  ■ 

Rome  taken  by  the  Goths,  — 

The  monarchy  of  France  founded, 

Venice  built,  —  — 

Valentinian  III.  Emperor,  -^ 

¥beodcret. 

Auguftulus^  the  laft  Emperor  of  Rome, 

Arthur  kins;  of  Britain,  —  — 

Juftinian  Emperor,  —  — 

The  Chriftian  asra  begun  to  reckon  by, 

The  feat  of  the  empire  removed  to  Ccnftan- 

tinople9  -—  ■■■ 

Procopius. 

Tiberius  II.  Emperor,  — ■*    ,         — ■ 

Mahomet's  flight  to  Medina,  — 

Damafcus  and  Jerufalem  taken  by  the  Saracens, 
Conji an this  Emperor,  —  — 

Ven.  Bede, 

Juftinian  II.  Emperor,  but  expelled  after, 
Theodofms  HI.  Emperor,  —  — 

The  Spaniards  defeat  the  Moors  at  Tours, 
Pepin  king  of  France. 
Charles  the  great,  king  of  France, 
Atphonfus  king  of  Spain,  who  freed  it  from 

the  tribute  of  ioo  virgins,  — 

Charlemaign  Emperor  of  Rome,         — 
Egbert  firlt  fole  monarch  of  England, 
Ethelwolf  king  of  England,  — 

Alfred^  king  of  England,  founds  the  uni- 

verfity  of  Oxford,  —  — 

The  Normans  fettle  in  Normandy,  — 

Eudo  king  of  France  drives  out  the  Normans, 

:isl\ ,  Emperor, the  pope  fets  up  another, 

F  2  Alex- 
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Alexander •,  Emperor  of  the  Eaft,  

Athelfton  king  of  England, 
Qtho  the  great,  Emperor  of  the  Weft, 
J.  Zimifca,  Emperor  of  the  Eaft, 
Otho  II.  Emperor  of  the  Weft, 
Edward  f  the  martyr)  king  of  England, 
The  Danes  invade  England  and  are  beaten, 
Henry  (duke  of  Saxony)  chofen  Emperor, 
Edmund  f  Ironfide)  king  of  England, 
Guido  Aretinus,  invents  the  notes  of  mufic, 
Herald  the  Dane,  king  of  England, 
Edward  (the  ConfefTor)  king  of  England, 
Harrold  ufurps  the  crown  of  England, 
William  the  conqueror  king  of  England, 
The  'Turks   conquer   Perfia,    take  Jerufa- 
lem,  &c.  —  —  — 

The  holy  war  againft  the  Turks,  — 

jferufalem  regained  from  the  Turks, 
Henry  V.  Emperor  of  Germany, 
J,  Comnenus,  Emperor  of  Greece,  — 

£.  Ccmnenusy  Emperor  at  Conftantinople, 
Henry  II.  king  of  England,         —         — 
Saladine,  fultan  of  the  Turks,  — 

London  bridge  built  of  {tone,        —         — 
Jerufalem  retaken  by  the  Turks, 
Richard  I.  king  of  England,  — 

Henry  VI.  Emperor  of  Germany,         — 
Baronius. 

John,  king  of  England,  and  granted  Magna 
Charta,  —  —  — 

Henry  III.  king  of  England,         —         — 
The   inquifition   firft    erecled    againft  the 
Albagenfes,  —  — -  — 

Frederic,    Emperor  of  Germany,  recovers 

Jerufalem,  —  — 

Henry  III.   confirms  Magna  Charta,         — 

Richard 
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Richard  (brother  to  king  Henry)  Emperor. 
The  Barons  take  king  Henry  prifoner,   for 
breaking  Magna  Charta,         —  — 

M.  Paleologus  regains  Conftantinople, 
Ottoman  the  founder  of  the  prefent  Turkifh 

Empire,  —  — 

The  Mariner's  compafs  found  out, 
The   oppofers  of  the  Romifh  fuperftition 
burnt  at  Auftria,  —  — 

Edward  III.    king  of  England,    beat  the 
French,  and  took  the  French  king  pri- 
foner, —  —  — 
A.  Peleologus  III.  Emperor  at  Conftantinople, 
Gunpowder  invented  in  Germany, 
Charles  IV.  (K.  Bohemia)  Emperor  of  Ger- 
many,            —            —  — 
The  "Turks  take  Adrianople,  — - 
Richard  II.  king  of  England,  - — 
Tamerlane  the  Tartar  reigns,          —       — 
Bajazet  the  Turk  reigns,             -—  — 
Tamerlane  defeats  Bajazet,  conquersBabylon, 

Perfia,  China,  India,  — 

The  great  Mogul  defcended  from  him. 
Richard  II.  depofed,  —  — 

Henry  IV.  king  of  England,  the  firft  of  the 
line  of  Lancafter,  —  — 

Civil  wars  in  Germany,  —  — 

Sigifmond  (king  of  Hungary)  Emperor, 
Henry  V.  king  of  England,         —  — 

Beats  the  French  at  the  battle  of  A- 

gincourt,  —  — 

Henry  VI.  king  of  England,  — 

J.  Iluniades,  Emperor  of  Conftantinople, 
The  Art  of  Priming  invented,  — 

Mahomet  II.  fultan  of  iht  Turks,  takes  Con- 
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The  Turks  conquer  Peloponnefus  or  Mere  a, 
Henry  VI.  depofed,    arid  Edward  IV.  made 

king,  —  —  — 

Edward  V.  king  of  England,  — 

Richard  III.  king  of  England,  — 

Henry  VII.  king  of  England,  — 

C.  Columbus  (a  Genoefe)  difcovered  America, 
Americus  Vefpafius  difcovers  South  America, 
Henry  VIII.  king  of  England,         — 
M".  Luther  begins  the  Reformation, 
Boetius,  Erajmus,  Copernicus. 
Solyman  Emperor  of  the  Turks,         — 
Belgrade  taken  by  the  Turks,  —       — 

The  Streights  of  Magellan  difcovered  by  F. 

Magellan,  — i  — 

The  Council  of  Trent,  —  — 

Edward  VI.  king  of  England,  — 

Mary,  queen  of  England,  reftores  Popery, 
Elifabeth,  queen  of  England,    reftores  the 

Reformation,  —  — 

Charles  IX.  king  of  France, 


The  Mafiacre  of  the  Proteftants  at  Paris, 
Jldercator. 

The  Venetians  defeat  the  Turks  at  fea, 
Henry  III.  king  of  France,  — 

Rodulphus  II.  Emperor,  -*-  — 

The  holy  League  in  France,         —  — 

Holland  revolts  from  Spain,    <  — 

Sir  Francis  Drake  fails  round  the  Globe, 
Tycho  Brahe,  Scaliger. 
Pope  Gregory  XIII.  corrects  the  Calendar, 
Mary  queen  of  Scots  beheaded,         — 
The  Spanijh  Armado  deftroyed  by  the  Englifh 
Henry  III.  of  France,  ftabbed  by  Clement, 

a  friar,  .  - — 

Philip  III.  king  of  Spain,  —         — 

Vieta 
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Vieta. 

James  I.  king  of  England,  — 

Gunpowder  Plot,  — 

Henry  IV.  of  France  ftabb'd  by  Ravillac, 

Lewis  XIII.  king  of  France, 

Guftavus  Adolphus,  king  of  Sweden, 

The  New  River  brought  to  London, 

Frederic  II.  Emperor,  — i 

Des  Caries. 

Philip  IV.  king  of  Spain,         — 

Charles  1.  king  of  England,  — 

G.  Adolphus  (lain  in  battle,  — 

Ferdinand  III.  Emperor,  — 

Portugal  revolts  from  Spain,  — 

Lewis  XIV.  king  of  France,  — 

King  Charles  I.  beheaded,         — 

Oliver  Cromwell  died,  — « 

King  Charles  II.  reftored,  — 

The  great  Plague  at  London,-  — 

London  burnt  down,         —         ■ 

Ric  dolus. 

Peace  concluded  with  the  Butch, 

St.  Paul's  church  begun  to  rebuild, 

The  Czar  of  Mufcovy  dies,  and  his 

rule  jointly,  —  — 

The  Emperor  at  war  with  the  Turks, 
The  Turks  defeated  before  Vienna, 
The  great  Froft, 
King  Charles  II.  died,  and  is  fucceeded 

James  II.  —  — 

James  II.  depofed,  —  — 

William    and    Mary     king    and    queen 

England,  —  —  — 

The  battle  of  Boyne  in  Ireland,  — 

An  Earthquake  in  England, 
Queen  Mary  died,  —  —  — 

Queen 
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Queen  Anne  came  in,  - —  — 

Battle  of  Blenheim,  —  — 

Battle  of  Ramalies,  —  — 

England  and  Scotland  united,  —       — 

St.  Paul's  church  finifhed, 
Queen  Anne  died,  —  — 

George  I.  king,  —  —  — 

A  total    eclipfe   of  the  fun  at   London, 

April  2 2d,  —     -  — 

Rebellion  at  Prejlon,  —  — 

The  Aurora  Bore  alls  firft  obferved, 
The  Spanijh  fleet  deftroyed  near  Sicily, 
Sir  /.  Newton  died,  ~  — 

George  II.  king,         —         —         — 
A  great  Froft  1739,  and  —         — 

Battle  of  Dettingen,  —  — 

A  bright  Comet,  in  the  fpring,  — 

Rebellion  at  Culloden,  —  — 

Correction  of  the  Calendar  in  England, 
George  III.  king, 
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THE 

PREFACE. 


J  Believe  there  never  was  a  courfe  of  the  Mathema- 
ticks  printed,  but  what  included  the  practical  parts 
thereof,  and  fuch  things  as  are  of  conftant  and  daily 
ufe  among  mankind.  'Therefore,  left  ours  fhould  ap- 
pear defective  in  this  point,  wefhall  comply  with  this 
cuftom  -,  and  to  oblige  the  lower  fort  of  readers  (for 
every  one  is  not  deflined  to  fludy  the  fublime  parts  of 
the  Mathematicks)  I  have  compofed  the  following 
Treatife. 

In  the  fir  ft;  part  I  have  put  together  a  great  ntm* 
her  of  rules  for  the  reckoning  up  of  fuch  things  as  com- 
monly occur  in  trade  and  bufinefs  ;  wherein  I  have  en- 
deavoured to  fuit  the  capacities  of  the  lowejl  clafs  of 
tradefmen  and  artificers,  by  laying  down  fuch  jhort 
rules,  for  computing  the  values  of  things,  as  may 
with  cafe  be  retained  in  the  memory,  are  readily  and 
eafily  wrought,  or  rather  performed  in  the  mind, 
which  are  to  be  ufed  as  occafion  offers  -,  and  therefore 
mufi  be  very  fervic cable  to  fuch  as  never  had  an  oppor- 
tunity of  learning  Arithmetic,  And  even  to  fuch  peo  - 
pie  as  underftand  numbers,  thefe  rules  will  fave  them 
fo  much  trouble  and  time.  For  men  cannot  always  al- 
low time  to  fit  down  and  compute  every  trifling  matter, 
which  may  be  done  at  once  by  this  way  of  reckoning. 
For  few  of  thefe  rules  need  the  ufe  of  Arithmetic  -,  and 
thofe  that  do  require  but  an  eafy  calculation.  But 
where  there  is  any  danger  of  making  miftakes,  it  is 
proper,  for  thofe  that  underftand  it,  to  ufe  a  little 
Arithmetic.  And  that  no  doubt  or  obfeurity  may  ap- 
A  2  peat 
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fear  in  tbefe  rules,  I  have  given  examples  thereof,  in 
the  common  cafes  of  trade  \  fo  that  the  meanefi  reader 
cannot  be  at  a  lefs  for  underftanding  them.  And  be- 
fore  this  part,  the  common  definitions  are  prefixt,  alfo 
an  account  cf  weights  and  meafures,  tables  of  fpe- 
cific  gravity,  the  practice  cf  workmen  in  meafuring 
their  work,  and  fucb  other  things  as  are  ufeful  in  a 
fTreatife  of  this  kind. 

In  the  (econd  part  are  delivered  fuch  common  pro- 
blems, as  are  requifite  in  the  art  of  Meafurvig,  being 
fuch  as  are  introductory  to  what  is  to  follow.  Here 
we  treat  cf  the  meafuring  of  lines  ;  and  how,  by 
having  one  line  in  a  figure  given,  to  find  another.  To 
this  part  is  prefixt  the  defcriptien  and  ufe  of  the 
fading  rule,  an  inftrnment  of  great  dij patch  in  the  art 
cf  meafuring. 

The  third  part  teaches  how  to  meafure  the  areas  of 
plane  figures,  and  the  furfaces  of  folids,  and  this 
both  arithmetically  with  the  pen,  and  inftramcntally 
with  the  fiiaing  rule.  In  this  part  it  is  alfo  fhewn, 
how  thefe  fixt  numbers  are  found,  which  are  made 
ufe  of  in  the  different  methods  cf  finding  the  area  of 
the  circle,  by  the  /tiding  rule. 

In  part  the  fourth,  we  have  the  menfuration  of 
folids,  efpecially  the  moft  common ;  and  particularly 
the  meafuring  of  timber  •,  and  this  both  by  Arithmetic 
with  the  pen,  and  alfo  by  the  fliding  rule,  when  not 
tec  trouble  feme.  In  this  part  it  is  alfo  floe  wn  how 
all  the  fixt  numbers  are  found,  which  are  made  ufe  of 
en  the  fliding  rule,  for  meafuring  cylinders  andfpheres. 

Ihe  fifth  and  lafl  part  is  gauging,  contained  in  a 
narrozv  compafs.  Here  it  is  floewn  how  to  find  the 
areas  cf  plain  figures,  and  the  contents  cf  folids,  ac- 
cording to  the  common  method  of  gauging  ;  that  is  in 
ale  or  wine  gallons,  in/lead  of  inches  or  feet.  How 
to  inch  any  run;  and  a  general  rule  for  gauging  all 
cajks  -,  or  J  how  to  find  the  ullage ;  alfo  how  to  gauge 
malt.     To  this  part  ij  prefixt  a  fhort  account   of  the 
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Jliding  rule  adapted  to  this  bufinefis\  an  infirument 
which  very  much  fiortens  all  calculations  in  gauging. 
And  in  this  part  is  Jhewn  likewifie,  how  to  find  the 
fixt  numbers  and  gauge  points,  made  ufe  of  on  the 
rule,  and  bow  to  work  with  them.  In  all  thefe  ar- 
ticles are  given  proper  examples,  to  make  the  rules 
plain ,  which  are  wrought  in  the  jhortefl  method,  both 
by  the  pen,  and  alfo  with  the  /tiding  rule,  when  it  can 
conveniently  be  done. 

I  have  given  no  demonstrations  here,  of  any  of  thefe 
rules  \  for  the  practical  Mechanic  does  not  want  them% 
and  a  mathematical  reader  may  have  them  elf  where, 
*s  in  the  Geometry,  Conic  Setlions,  Algebra,  &c. 

There  is  no  fiat  e  of  life  which  does  not  require  the 
ufe  of  fome  fort  of  me  afar  es,  either  in  length  or  ca- 
pacity, dry  or  liquid  \  on  thefe  moll  trades  depend,  whe- 
ther it  be  thofe  that  procure  food  for  us,  or  thofe  that 
furnifb  us  cloath.ng.  Menfuration  is  the  ground  of 
all  arts,  and  of  all  things  depending  on  trade,  with- 
out which  they  could  not  fubjiji. 

In  meafuring  and  gauging,  the  practitioner  muji 
underftand  common  Arithmetic,  without  which  thefe 
rules  cannot  be  put  in  practice  •,  and  afo  decimals,  as 
all  forts  of  computations  are  eafiejl  -made  thereby  \  and 
particularly  contractions  in  multiplication  and  divificn, 
which  often  five  long  calculations.  Thd*  in  fitch  cafes, 
I  would  advife  to  'make  ufe  of  logarithms,  whiJo  in 
tnoft  cafes  will  be  fhorter. 

As  geometrical  rules  are  made  ufe  of  for  fuch  purpofeS 
as  require  calculations  to  be  made  to  the  utmoll  ex- 
aclnefs ;  fo  the  fhort  rules  in  this  Treatife,  are  mojl 
of  them  only  approximations,  be:ng  contrived  to 
compute,  or  meafure  things  for  common  ufe  with  ex- 
pedition, and  which  require  not  that  degree  of  cxacl- 
nefsm  They  are  adapted  for  prefent  extemporary  lit- 
dnefs,  and  for  fitch  things  as  require  to  be  done  off 
hand. 
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When  any  'plane  figure  or  folid  body  is  propofed  t$ 
be  meafured,  we  have  no  rule  to  determine  it  to  be 
any  particular  geometrical  figure  or  folid ',  but  by  guefs. 
And  therefore  it  is  to  be  looked  on  as  a  mechanical  fi- 
gure or  folid  \  and  muft  be  meafured  by  fome  fhort  me- 
chanical rule,  fuch  as  fuits  it,  and  its  (hortnefs  will 
make  amends  for  other  defecls.  For  by  fuch  a  rule 
the  content  may  be  found  as  truly,  as  the  dimenjions 
can  be  taken,  and  that  is  fufficient.  And  all  fuch 
rules  muft  be  efteemed  good  rules  -,  when  they  come 
'very  near,  at  a  medium  -,  as  if  in  one  cafe  they  give 
a  [mall  matter  too  much,  and  in  another  cafe  a  j'mall 
matter  floor t  of  the  truth,  we  may  admit  them  as  true 
rules  \  fince  the  figure  we  meafure  may  not  have  that 
geometrical  exaclnefs  that  we  fuppofe  \  and  it  is  mere 
chance  if  it  has, 

W.  Emerforu 


Marks  and  Abbreviations. 

+  to  be  added. 

—  to  be  fubftracted. 
X  to  be  multiplied  by. 

—  to  be  divided  by. 
y/  the  iquare  root  of. 
a%  the  fquare  of  a. 

a">  the  cube  of  a,  &c. 

=:  is  equal  to. 

a  :  b  :  :  c  :  d,  as  a  to  b,  fo  is  c  to  d. 

AG,  ale  gallons. 

WG,  wine  gallons. 

MB,  malt  buihels. 

GP,  gauge  point. 

Calcu- 
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Calculation,  Libration,  &c 


DEFINITIONS 


i.  QOMPUTATION   or    Numbering    is  the 
Art  of  Reckoning  ;  which  is  fometimes  per- 
formed barely  by  the  memory,    but  generally  by 
the    help  of   thefe   figures,    o,  i,  2,  3,  4,  5,  6, 

7,  8,  9- 

2.  Librarian  is  the  Art  of  Weighing  any  fort  of 
bodies.  This  is  performed  by  fome  proper  inftru- 
ment,  as  a  pair  of  fcales,  a  fteelyard,  &c.  and  by 
the  help  of  certain  fixt  weights,  agreed  on  to  be 
the  ftandard,  for  weighing  all  other  things  by* 

3.  Menfuration  is  a  mechanical  art,  teaching 
how  to  find  the  content  of  any  furface,  or  folid 
body,  from  the  dimenfions  thereof,  taken  by  ac- 
tually meafuring  them.  The  content  of  any  fur- 
face  is  commonly  called  the  Area  of  it. 

4.  A  Line  is  the  length  or  diftance  between  any 
two  points  •,  and  this  length  is  eftimated  by  the 
number  it  contains,  of  fome  known  meafure,  as 
yards,  feet,  inches,  &c. 

5.  A  Superficies  is  that  which  hath  length  and 
breadth,  and  its  quantity  is  meafured  by  the  num- 
ber of  fquares  it  contains,  whole  fides  are  lineai 
units,  of  that  meafure  it  is  meafured  by. 

6.  A  Solid  is  that-  which  hath  three  dimenfions, 
length,  breadth,  and  thicknefs.  And  its  content 
is  eftimated  by  the  number  of  cubes  it  contains, 
whofe  fides  are  linear  units  of  that  fort  of  meafure 
it  is  meafured  by. 

7.  A  right  Angle  is   that  made   by  one  line  DC  1. 
(landing   upright  upon  another  BA,    fo  that  CD 

A  4  lean 
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Fig.  lean  no  more  to  one  fide  than  to  another;  thus  CD  A 
is  a  right  angle,  and  alfo  CDB.  If  CD  is  not  up- 
right, it  is  an  oblique  angle ;  an  acute  angle  is  lefs, 
and  an  obtufe  one  greater,  than  a  right  angle. 
I#  8.  Parallel  lines  are  thofe  that  are  every  where 
cquidiftant,  as  AB  and  CD. 

14.  9.  A  Perpendicular^  is  a  line  which  {lands  at  right 

15.  angles  upon  a  line  or  a  plane,  and  inclines  to  no 
fide.  This  is  the  neareft  diftance  from  any  point 
to  a  line  or  a  plane,  as  CD. 

J4«      10.  A  triangle  is  a  figure  contained  under  three 
J5-  right  lines.     If  one  angle  be  right,  it  is  a  right  an* 
gled  triangle. 

16.  ii,  J  Square  is  a  figure  contained  by  4  equal 
(freight  lines  and  4  right  angles,  as  ABCD. 

17-  12.    A  Parallelogram   is    a  figure  contained  by 
l%-  four  right  lines,  fo  that  the  oppofite  be  equal  and 

parallel. 

18-  13.  A  Trapezoid  is  a  four  fided  figure,  whereof 
forne  two  oppofite  ones  are  parallel,  as  ABCD. 

*9*  14.  A  Trapezium  is  any  figure  included  by  four 
lines,  as  ABCD.  A  line  drawn  thro'  the  oppofite 
angles  is  called  a  Diagonal^  as  AC. 

21.  15.  A  Polygon  is  a  figure  confiding  of  any  num- 

22.  ber  of  fides.  Jf  all  the  fides  and  angles  are  equal, 
it  is  a  regular  Polygon  •,  if  it  have  three  fides,  it  is 
called  an  equilateral  Triangle  \  if  four,  a  Square  \  if 
five,  a  Pentagon  \  if  fix,  a  Hex 'agon ,  &c. 

-3-  16.  A  Circle  is  a  figure  bounded  by  the  curve 
line  ABCD,  called  the  Circumference,  in  which  all 
lines  drawn  from  the  Center  C  to  the  circumference 
are  equal.  Any  line  AD  patting  thro'  the  center 
C  is  called  a  Diameter  •,  and  any  line  CD,  drawn 
from  the  center  C  to  the  circumference,  is  called 
the  Radius.  Any  right  line  drawn  through  it  is 
called  a  Chord. 


J7' 
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tjri  ACube\%  a  folid  contained  under  6  equal Fig« 
fquares  Handing  at  right  angles  to  one  another 9  3^* 
like  a  die. 

18.  A  Parallelepipedon  is  a  folid  contained  under  40. 
6  planes,  whereof  every  two  oppofite  ones  are  pa- 
rallel. 

19.  A  Prifm  is  a  folid  whofe  two  ends  are  equal  4*» 
and  like,  and  parallel  to  one  another.  42- 

20.  ^f  Cylinder  is  a  folid  whofe  ends  are  two  e-  ^9* 
qual  circles,  parallel  to  one  another. 

2 1 .  A  Pyramid  is  a  folid  whofe  bafe  is  any  plane  44. 
figure,  and  the  fides  all  triangles  meeting  in  a  point 
called  the  Vertex,  as  D. 

22.  A  Cone  is  a  folid  ABC  contained  between  a  43. 
circular  bafe,  and  a  convex  furface  ending  in  a  point 

A  called  the  Vertex. 

23.  A  Poliedron  is  a  folid  contained  under  feveral 
planes,  if  all  the  planes  be  any  regular  poligon,  it 
is  called  a  regular  body,  of  which  there  are  but 
five.  1.  The  Tetraedron,  has  four  faces  equilateral 
triangles.  2.  The  Cube  has  fix  fquares.  3.  The 
Oblaedron,  8  triangles.  4.  The  Bodecaedron,  12 
pentagons.     5.  The  Icofaedron,   20  triangles. 

24.  i  Sphere  ABCD,  is  a  folid  contained  under  33. 
one  curve  furface ;  within  which  there  is   a  point 
called  the  Center,  from  which  all  lines  drawn  to  the 
furface  are  equal,  and  called  the  Radius.     Any  line 
paffing  thro'  the  center  is  a  diameter. 

25.  A  Segment  is  any  part  of  a  figure  or  folid 
cut  off  by  a  line  or  a  plane. 

26.  A  Fruftum  is  the  thick  end  of  a  folid  cut  off 
by  a  plane  parallel  to  the  bafe. 

27.  Vaults  are  curved  arches,  that  fpring  from 
the  oppofite  fide  walls  •,  and  meet  in  a  right  line 
over  the  middle  of  the  building.  If  they  meet  in 
an  angle,  they  are  called  Gothic  arches.  The 
archec  of  a  bridge  are  in  this  form. 

28.  Dome's 
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28.  Dome's  or  Cupolo's  are  arched  roofs  that 
meet  in  a  point  at  the  top  •,  the  bafe  being  a  circle 
or  poligon. 

29.  A  Saloon  is  a  flat  roof  or  deling,  joined  to 
the  fide  walls  by  arches. 

30.  A  Groin  is  when  a  vaulted  roof  is  interfec- 
ted  by  fome  other  vaults. 

31.  A  Meafure  is  a  certain  length  made  ufe  of 
to  meafure  another  greater  length  by,  in  order  to 
know  how  many  of  thefe  the  greater  contains. 
When  a  length  is  to  be  meafured,  it  is  meafured 
by  a  line,  and  is  called  lineal  meafure.  When  a 
furface  is  to  be  meafured,  it  is  done  by  the  fquare 
of  that  line,  and  is  called  fuperficial  meafure.  If 
a  folid  is  to  be  meafured,  the  meafure  is  the  cube 
of  that  lineal  meafure,  and  then  it  is  called  folid 
meafure.  Thus  a  foot  in  length  meafures  any  other 
length ;  and  a  fquare  foot,  any  furface  •,  and  a 
cube  foot  any  folid  ;  and  fhews  how  many  feet 
each  contains.     And  the  like  for  inches,  yards,  &c. 

In  meafuring  any  furface  or  folid,  all  the  dimen- 
fions  muft  be  taken  in  one  and  the  fame  kind  of 
meafure,  except  it  be  otherwife  expreifed. 

A  Table  of  Numbers. 

12  Units        }  fa  Dozen, 

12  Dozen        /  I  a  Grofs, 

20  Units         (        .  la  Score, 

5  Score         (  mai;e  )a  fliort  Hundred  (£) 

6  Score         \  /a  long  Hundred  (C) 
10  Hundred   )  (, a  Thoufand  f Mj 
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A  Table  of  Money. 


4  Farthings 

4  Pence 

12  Pence 

5  Shillings 
6-ShiL  8d. 

io  Shillings 

13  Shill.  4d. 

20  Shillings 

21  Shillings 


) 


make 


1  Penny  (d) 
1  Groat, 
1  Shilling  (s) 
1  Crown, 
1  Noble, 
1  Angel, 
1  Mark, 
1  Pound  (1) 
1  Guinea. 


A  Table  of  Time. 
60  Seconds  (")  )  ( 1    Minute  (') 


60  Minutes 
24  Hours 
7  Days 
4  Weeks 

3657  DaYs 


make 


Si 

li  Week, 
I  1  Month, 
(  1  Year. 


Hour, 

Day  natural, 


Goods  fold  by  the  Dozen  are. 

Buttons,  candles,   hats,  ftockings,  lint,  bottles, 
brufhes,  Chinaware,  pigeons,  apricots,  and  peaches. 

Goods  fold  by  the  Grofs  are^ 
Buttons,  beads,  tobacco-pipes,  combs,  comb- 
cafes,  playing  cards,  knives,  thread,  filk  hair, 
tobacco-boxes,  buckles,  ink-horns,  bodkins,  pep- 
per-boxes, tinder-boxes,  wafh-balls,  and  ipedlacle- 
cafes. 

Goods  fold  by  the  Score  are^ 

Paper,   walking-flicks,  marbles. 

Goods  fold  by  the  fhort  Hundred  are. 

Capers,  thrums,   ginger,  cloves,  indigo,  pack- 
thread, quick-filver,  corton-wool,    brals  and  tin- 
work, 
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work,  feveral  forts  of  fkins,  brafs  and  tin  imple* 
ments. 

Goods  fold  by  the  long  Hundred  are^ 

Herring,  ling,  cod,  and  all  ftock-fifh,  balks, 
clap-boards,  nails,  filh-hooks,  pipe-ftaves,  bow- 
ftaves,  deals,  fpurs,  outlandifh  cloth,  lamb-fkins, 
feveral  forts  of  outlandifh  cloth,  and  eggs. 

Goods  fold  by  the  Thoufand  arey 

Pafte-boards,  tennis-balls,  lemons,  oranges, 
boards,  quills,  teazles,  tiles,  bricks,  tacks,  tenter- 
hooks, thimbles,  pins  and  needles,  billets,  lan- 
thorn-horns,  barrel-hoops,  ox  -  horns,  fquirrel- 
ikins,  flates,  &c. 

Standard  gold  is  u°2  fine,  and  ioZ  alloy. 

Standard  filver  is  noz  2dw  fine,  and  i8dw  alloy. 

A  pennyweight  of  gold  coin  is  worth  3  s.  lodf, 
which  is  near  2  d.  a  grain. 

44f  Guineas  make  1  pound  Troy  ^  and  1  guinea, 
129  grains. 

An  ounce  of  filver  with  alloy  is  worth  5  millings. 

An  ounce  of  gold  is  worth  3  1.   1 8  s. 

22  Pence  in  copper  is  about   1 1.  Averdupoife. 

A  Table  of  Averdupoife  weight. 

16  Drams  1  Ounce  (oz) 

16  Ounces    ^  Ci  Pound  (lb) 

14  Pounds    C  make  «^i  Stone  (StJ 
8  Stone       C  )  1  Hundred  weight  (C; 

20  Hundred  ^  v.  x  ^un.     (T) 

8  lb  make  a  ftone  among  the  London  butchers. 


A  Taint 
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A  'Table  of  Troy  Weight. 

20  Mites  f  1  grain,     (gr) 

24  Grains  }  \  1  Fenny  weight,  (dw) 

32  grs.  wheat        C  make  m  Penny  weight, 

20  Fenny  weighty  / 1  Ounce,     (oz) 
12  Ounces            ^  1  Pound,     (lb) 

The  Apothecaries  divide  the  Troy  ounce  thus* 
20  grains  make  a  fcruple  (9j,  3  fcrupies  a  dram 
(3),  8  drams  an  ounce  (5). 

By  Averdupoife  weight,  is  weighed  mercery  ware, 
and  groceries,  and  all  things  that  can  wafte,  as 
pitch,  tar,  rofm,  wax,  tallow,  flax,  hemp,  flefh, 
butter,  cheefe,  fait,  candles,  foap,  ftarch,  fpices, 
coffee,  tea,  chocolate,  lilk,  bread  in  the  country, 
and  fometimes  oil;  alfo  copper,  tin,  iron,  ileal, 
lead,  &c. 

By  Troy  weight  is  weighed  gold,  filver,  jewels, 
amber,  apothecaries  drugs,  bread,  liquors,  precious 
ftones. 

Weights  compared. 

The  Averdupoile  pound  is  7000  grains,  the  Troy 
pound  5760  grains. 

The  Averdupoife  ounce  is  437 J-  grains,  the 
Troy  ounce  480  grains. 

The  Troy  pound  is  to  the  Averdupoife  pound,  as 

9  to  11,  or  rather,  as  14  to  17. 

The  Averdupoife  ounce  is  to  the  Troy  ounce,  as 

10  to  11,  or  more  exactly,  as  73  to  80. 

The  London  pound  is  to  the  Paris  pound,  as 
100  to  109. 
The  Troy  ounce  is  to  the  Paris  ounce,  as  64  to 

And  the  Averdupoife  ounce  is  to  the  Paris  ounce, 
as  6j  to  68. 

A  Table 
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A  Table  of  long  Meafures. 


12  Lines 

3  Barley  corns 
12  Inches 

3  Feet 

5  Feet 

2  Yards  >  make  « 

5f  Yards 
4  Poles,  ioo  links 
40  Poles 

8  Furlongs 
69t  Miles, 

Alfo  1  ringer  or  thumb  is  an  inch  ;  4  inches  a 
hand  ;  9  inches  a  fpan  ;  2  fpans  a  cubit ;  5  fpans 
an  ell ;  16  nails  a  yard  ^  7  yards  1  rod  in  the  north  ; 
a  geographical  mile  2030  yards  ;  the  Englifh^  French 
and  Swedifij  feet  are  to  one  another,  as  1  to  1.066, 
and  0.97  j  a  toife  is  6  French  feet. 

A  Table  of  fquare  Meafures. 


1  Inch, 
1  Inch, 
1   Foot, 
1  Yard, 
1  Pace, 
1   Fathom, 
1  Pole  or  Rod, 
1   Chain, 
1  Furlong, 
1  Mile, 
ta  1  Degree  on  the  earth, 


144  Inches^ 

9  Feet 
307  Yards 
1  co  Feet 
16  Poles 
40  Poles 
10  Chains 
4  Roods 
640  Acres 


^   make  ^ 


1  Foot, 
1  Yard, 

1  Pole  or  Perch, 
1  Square, 
1  Chain, 
1  Rood, 
1  Acre, 
1  Acre, 
*i  Mile. 


A  Table  of  folid  Meafure. 


1728  Inches) 
27  Feet    J 


make 


{: 


1  Foot, 
Yard. 
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make 


1  Gallon; 
1   Peck, 

1  Bufhel, 
1  Quarter, 
1  Cauldron, 
1  Laft. 


A  Table  of  dry  Meafure. 

268.8  cub.  Inches,  or 

4  Quarts, 

2  Gallons 

4  Pecks,    or 
2150.4  cub.  Inches 

8  Bufhels 

4  Quarters 
10  Quarters 

Alfo  2  pints  make  a  quart ;  2  pottles  1  gallon  ; 
2  bufhels  a  ftrike  •,  4  bufhels  a  comb ;  2  weys  a 
laft. 

Water  meafure  is  upheap'd  meafure,  or  elfe  al- 
lows 5  ftriped  pecks  to  the  bufhel. 

By  this,  grain,  coals,  fait,  lime,  are  meafured. 

A  Table  of  liquid  Meafure. 

4  Jacks 

2  Pints 

4  Pints 
231  cub.  Inches 
282  cub.  Inches 


8f  Gallons 
6  Firkins,  or 

51  Gallons 

63  Gallons 
4  Hogfheads 

Alfo  2  gills  make 


fi  Pint, 
1  Quart, 
1  Gallon, 
1  Gallon  of  wine, 

make  ^  l  Gallon  °f  a*e  or  beer* 
|  1  Firkin  or  Anchor, 

11  Hogfh.  of  ale  or  beer, 
1  Hogfhead  of  wine, 
Li  Tun. 


pint ;  2  quarts,  a  pottle  ; 
1 8  gallons,  a  runlet ;  42  gallons,  a  terce  ♦,  2  terces, 
a  puncheon  ;  2  firkins,  a  kilderkin  ;  4  firkins,  a 
barrel ;  2  hogfheads,  a  pipe  or  butt. 

Note^  8  gallons  make  a  firkin  of  ale,  and  9  of 
beer,  in  London  ;  and  the  hogfhead  proportiona- 
ble.    Alfo  4  gills  make  a  pint  there. 

A  Paris  pint  contains  49  cubic  inches. 

Meafures 
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Meafures  compared. 

Oil,  honey,  Sec.  are  meafured  by  wine  meafure, 
and  fometimes  by  weight  Averd.  Alfo  brandy, 
fpirits,  mead,  perry,  cyder,  vinegar,  verjuice, 
fweets,  mum,  &c. 

A  Winchefter  bufnel  ought  to  be  8  inches  deep, 
and  1 8f  inches  diameter. 

A  ft  raked  buftiel  is  to  the  fame  unheaped  as  3 
to  4;  therefore  the  heap  is  f  the  bufhel  5  or,  as 
fome  fay,  7  thereof. 

The  old  wine  gallon  was  224  cubic  inches. 

The  old  corn  gallon  272  cubic  inches. 

The  corn  gallon  is  to  the  ale  gallon,  as  20  to  21. 

A  hogfhead  of  water  (wine  meafure)  is  about  84- 
folid  feet;  the  fame  by  ale  meafure  at  51  gallons 
per  hogfhead.  And  wine  meafure  to  ale  meafure, 
as  9  to  1 1 . 

A  cubic  foot  is  to  the  Winchefter  buftiel,  as  4 
to  5  ;  or  exactly,  as  45  to  56. 

The  Englifh  foot  is  to  the  Paris  foot,  as  107  to 
114. 

Scholium. 

However  thefe  things  may  have  varied  ;  yet  it  is 
very  probable  that,  originally,  a  hogfhead  of  wine 
and  ale  was  the  fame  in  quantity ;  and  a  tun  of 
water  juft  a  tun  weight. 

Hence  we  may  fuppofe,  that  anciently  8  cubic 
feet  of  water  made  juft  a  hogfhead,  and  4  hogf- 
heads  a  tun.  And  confequently  that  a  tun  weigh- 
ed 2000  lb. 

Likewife  that  a  hundred  weight  was  then  but 
j  00  lb  -,  for  this  multiplied  by  20,  makes  2000  lb. 
alfo  for  a  tun  5  and  was  increafed  afterwards  by 
merchandizing,  upon  account  of  the  wafte  in  goods, 

Alfo  if  a  buftiel  of  good  wheat  weighs  62-  lb, 
then  the  quarter  would  be  500  lb,  and  the  chau*U 

dor 
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der  2000  lb.  which  is  alfo  a  ton.  So  that  origi- 
nally, what  was  a  ton  in  meafure  was  alfo  a  ton  in 
weight.  A  ton  in  weight  has  been  the  common 
ftandard  of  all  things. 

Weight  and  Meajure  compared. 

I  lb.  Troy  of  water  is  22-J  inches  folid. 

1  lb.  Averdupoife  of  water  is  274-  folid  inches, 

1  inch  of  water  weighs  .58  ounces  Averdupoife, 

A  cubic  foot  of  water  weighs  y6  lb.  Troy,  or 
627  lb.  Averdupoife,  which  is  1000  ounces,  and 
contains  6J  ale  gallons. 

A  wine  gallon  of  water  weighs  8.35  lb.  Aver- 
dupoife. 

An  ale  gallon  of  water  weighs  10.2  lb.  Aver- 
dupoife. 

A  ton  of  water  weighs  1 81  hundred  weight. 

A  cylinder  of  water  of  d  inches  diameter,  and 
a  yard  high,  contains  -^dd  ale  gallons  ;  and  weighs 
ljdd  pounds  Averdupoife. 

A  Table  of  fpecific  Gravities,  Jhewing  the  weight  of 
a  cubic  Inch)  of  feveral  bodies,  in  ounces  Averdu- 
poife. 

oz.    i 
1.366  J  Caft  iron         - 


Fine  gold      — 
Standard  gold 
Quickfilver 
Lead  — 

Fine  filver 
Standard  filver 
Copper         — 
Plate  brafs      — 
Caft  brafs 
Steel  — 

Iron  — 

Pewter         — 
Tin  — 


10  930!  Marble  — 

8.102  Common  glafs 
6.554.  iFlint  — 

6.418  {Portland  ftone 
Free  ftone 
Common  ftone 

Brick         

Alabafter 
Ivory  — 

Horn  — 

Water         — 


6.096 
5  208 
4832 
4.6^0 

4-544 
4.423 

4-323 
4.236 


B 


oz. 

4.090 
1.569 

1-493 

1  490 

1.488 
1.465 
1.446 

1.157 

•     1.084 

1.055 
0.578 

A  Table 
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A  Table  fhewing  the  weight  of  a  cubic  foot  of  feve- 
ral  forts  of  Bodies-,  Averdupoife  weight. 


lb.  < 

}Z. 

lb.  1 

JZi 

Wheat         — 

48 

0 

Lignum  vitse 

82 

l5 

Cats      -       — 

29 

8 

Butter        — 

58 

12 

White  peafe 

50 

8 

Pitch         — 

7l 

14 

Barley             — 

4i 

2 

Mahogany 

66 

7 

Malt             — 

30 

A 

Box          — 

64 

6 

Field  beans 

50 

8 

Milk,          -x 

Wheat  meal  unfift- 

Urine,  and  > 

% 

2 

ed         

3i 

0 

Sea  water     J 

Rye  meal  unfiftec 

I  28 

4 

Rain  water 

62 

8 

Bay  fait         — 

54 

1 

Red  wine 

61 

J4 

White  fea  fait 

43 

12 

Bees  wax 

59 

11 

Sand         — 

85 

4 

Linfeed  oil 

58 

4 

Newcaftle  coal 

67 

12 

Brandy 

57 

15 

Pit  coal  fWcdnef- 

Oak  *     — 

57 

8 

bury)         — 

63 

0 

Oil  olive 

57 

1 

Gravel 

109 

5 

Beech 

53 

6 

Wood  afhes 

5* 

5 

Elm  l 

Am  j         — 

Pump  water 

62 

8 

49 

1 

Chalk         — 

112 

10 

Cedar             — 

38 

7 

Allum         — 

107 

2 

Fir             — 

36 

4 

Clay         

107 

0 

Cork 

14 

8 

Honey         — 

9° 

10 

Air                 — 

0 

*i 

REMARKS. 

20  cubic  foot  of  hay  is  about  a  hundred  weight. 

56  lb.  of  butter  make  a  firkin,  which  is  4  itonc, 
Averdupoife. 

When  wheat  is  at  5  (hillings  the  bufhel,  the 
penny  white  loaf  is  to  weigh  j~  oz.  out  of  London. 

If  a  miller  carries  and  recarries  his  corn,  he  has 
a  quarter  of  a  peck  per  bufhel,  for  toll  and  wade. 
But  if  the  owner  carry  it,  he  has  but  half  fo  much. 
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40  feet  of  unhewn  timber,  or  50  feet  of  hewn 
timber,  is  reckoned  a  load  or  ton. 

60  folid  feet  of  Newcaftle  coals  is  a  chaldron, 
or  36  bufhels. 

A  buihel  of  wheat  weighs  about  60  lb.  Averdu- 
poife,  which  is  4  ftone  4  lb ;  but  fome  weighs 
more. 

A  load  of  hay  is  36  truffes,  and  a  trufs  four 
done,  or  half  a  hundred. 

The  fever  al  ways  of  meafuring  different  J  or  ts  of  Work. 

Different  work  is  computed  by  different  mea- 
ures.  In  meafuring  boards,  timber,  glafs,  ftone; 
le  dimenfions  are  taken  in  feet  and  inches ;  and 
le  content  carl  up  in  feet. 

In  calks,  the  dimenfions  are  taken  in  inches,  and 
le  content  cad  up  in  folid  inches,  or  elfe  in  gal- 
ons. 

In  painting,  plaiftering,  paving,  flooring,  wain- 
cot  ;  the  dimenfions  are  taken  in  feet  or  yards  ;  and 
he  content  caft  up  in  yards. 

In  roofing,  tyling,  flating,  raftering,  partition- 
ng,  flooring;  the  dimenfions  are  taken  in  fcet9 
nd  the  content  given  in  fquares  of  joo  fquare 
eet. 

Walling  is  meafured  in  feet  or  yards,  and  the 
ontent  given  in  rods,  containing  272  fquare  feet; 
r,  in  the  North  country,  the  rod  contains  7  fquare 
ards. 

Land  is  meafured  by  Gunter's  chain,  and  cafl  up 
n  acres,  at  10  chains  an  acre. 

Earth  works,  as  cellars,  vaults,  &c.  are  mea- 
ured  by  the  yard  folid. 

In  any  rule,  &c.  to  meafure  with,  it  is  the  belt 

ay  to  have  it  divided  into  decimal  parts  ;  for  the 

ontent  of  any  thing  is  fooneft  caft  up,  when  the 

imenfions  are  taken  in  decimals.     And  the  fhort- 

B  2  eft 
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eft  way  is  to  work  by  logarithms ;  adding  the  loga- 
rithms, inflead  of  multiplying  the  numbers  -3  and 
fub trading  inflead  of  dividing. 

The  P  raff  ice  of  Workmen. 

Glaziers  take  dimenfions  to  a  quarter  of  an  inch, 
and  never  make  any  allowance  for  round  or  ova 
windows  -,  but  meafure  the  circumfcribing  parallelo- 
grams. 

In  plaiftering,  deductions  muft  be  made  for  doors 
and  windows  ;  but  fome  make  no  deductions. 

Painters,  in  taking  the  height,  gird  the  firing 
into  all  the  hollows,  and  round  all  the  fwellings  o: 
the  pannels,  &c.  And  in  taking  the  height  of  a 
door,  or  the  breadth,  they  add  the  thicknefs. 
Their  price  is  according  to  the  number  of  times 
the  colour  is  laid  on.  Deductions  are  made  for 
chimnies,  cafements,  &x. 

Joiners,  in  meafuring  the  height  of  a  roomy  pul 
the  firing  into  all  the  fwellings  and  mouldings. 
But  in  taking  the  length,  they  meafure  in  a  itraif 
line.  Deductions  are  made  for  all  vacancies,  as 
windows,  chimneys,  &c.  In  partitioning,  deduc- 
tions muft  be  made  for  doors  and  windows. 

In  flooring,  the  hearth-ftone  is  deducted,  excepi 
there  be  a  border  round,  it.  Window  fhutters  an< 
doors  are  commonly  reckoned  meafure  and  half; 
becaufe  they  are  worked  on  both  fides. 

In  roofing,  tiling,  Hating,  it  is  cuftoma'ry  t< 
reckon  the  flat  and  half  of  building  within  th< 
walls,  for  the  meafure  of  the  roof,  when  it  is 
true  pitch  j  that  is,  when  the  rafters  are  JL  th< 
breadth  of  the  building.  For  workmarrfhip  alone] 
fky-lights,  chimney  .fhafts,  &c.  are  deducted.  Bui 
finding  materials  and  work,  takes  in  all,  except 
places  of  q  or   10  feet  area.     Some  never  deducl 

fo 
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br  window  fhafts  and  (Ivy-lights  at  all ;  they  are  fo 
:roublefome  to  the  workmen. 

In  tiling  and  flating,    fky-lights  and  chimney 

afts  are  deducted.  The  angle  of  the  roof  which 
>ends  inwards  is  called  a  Valley ,  and  the  angle  bend- 
ng  outwards  is  called  a  Hip. 

In  walling  a  houfe,  deductions  muft  be  made  for 
oors  and  windows. 

In  meafuring  chimnies,  gird  round  the  middle 
3r  the  breadth,  and  the  height  of  the  (lory  is  the 
ngth. 

In  meafuring  timber,  it  is  cuftomary  for  the 
uyer  to  take  the  girt  any  where  he  pleafes,  be- 
veen  the  greater  end  and  the  middle  of  the  tree, 
ranches  of  two  feet  compafs  are  reckoned  tim- 
■sr  ;  any  thing  lefs  is  not  timber.     When  the  bark 

on,  deduct  -^  or  T*T  the  circumference. 
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PART      I. 
Computing  and  Weighing. 

p  r  o  B.    I. 

To  reduce  Guineas  into  Pounds. 

i    RULE. 

TAKE  the  tenth  part  of  the  Guineas,    and 
add  the  half  thereof  to  the  guineas,  for  the 
pounds. 

What  remains  is  {hillings. 

Ex  amp. 
In  674  Guineas,  how  many  Pounds  ? 

The  tenth  of  674  (dropping  4)  is  67,  half  oi 
67  (dropping  1)  is  33.  Then  33  added  to  674 
gives  707  pounds,  to  which  put  the  14  {hilling! 
remaining. 

2      RULE. 

Call  the  guineas  millings,  which  reduce  intc 
pounds,  and  add  to  the  guineas. 

Example. 
How  many  Pounds  in  1 63  Guineas  ? 
Here   168  {hillings  is  81.   8s.  which  added  t( 
168,  gives  176  1.  8  s. 

Cor, 
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Cor.    To  reduce  pounds    to  guineas,  fubtracl  the 
2  \fi  part  thereof. 

P  R  O  B.     II. 

Having  the  price  of  1,  to  know  what  100  comes  to? 

1  RULE. 

For  every  farthing  in  the  price  of  one,  reckon 
twice  as  many  (hillings  and  once  as  many  pence. 

Examp. 

If  1  co Us  9  -  pence,  what  will  100  come  to  ? 

9  pence  halfpenny  is  38  farthings. 
Then  twice  38  is     76  s.     od. 
And  38  pence  3        2 

79  s.     2d.  =  3L  19  s.  2  d. 

2  R  U  L  E. 

For  every  fhilling  of  the  price  reckon  5  pounds. 
And  for  every  3d.  befides  reckon  25  ftiillings. 
And  for  a  penny  8  s.  4  d. 

Examp. 

What  comes  100  to,  at  7s.  10 d.  apiece? 

The  fhillings         —         35  o     o 

The  3  pences         —  3  15     o 

A  penny  —  84 

39     3     4 
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PROS.     III. 

Having  the  price  ef  i  co  given,  to  find  the  price  of  i . 

RULE. 

Take  half  as  many  farthings  as  there  are  {hil- 
lings in  the  price;  abating  the  50th  part  of  the 
whole  number  of  farthings. 

Examp. 
If  100  coft  33  1.  what  is  that  a  piece  F 

Whole  num.  farthings         660 


1 

ilf  the  number 
the  whole,  fub. 

Anf. 
P  R 

O 

33° 
l3 

3^7 

79i 

farthings, 
pence. 

6 

s.  7  d 

1 

4"* 

B. 

IV. 

Having  the  price  of  1,    to  know  what  the  long 
hundred  will  coff. 

1     RULE. 

How  many  pence  you  give  for  each  one  thing, 
So  many  angels  the  long  hundreds  bring. 

Ex  amp. 
If  one  thing  coft  3^ d.  what  will  120  he? 
3;  angels  32ts.  ~  1  1.   12s.  6  d. 


2    RULE. 
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2     RULE. 

Take  half  as  many  pounds  as  i  cofls  pence  > 
adding  2  s.  6  d.  for  every  odd  farthing. 

Ex. 

If  1  cofts  i^d.  what  is  the  charge  of  120  ? 

Half  of  13  is  6^  61.     10  s.     o  d. 

3  half  crowns  for  -J.  76 

Anf.  6       17        6 


P  R  O  B.     V. 

By  knowing  the  price  of  the  long  hundred,  to  know 
what  1  cofts. 

1     RULE. 

For  every  pound  reckon  2  pence,  and  for  c- 
very  half  crown  more  a  farthing. 

Ex. 

If  the  long  hundred  (120)  cofts  7  1.  15  s.  what  does 
1  f  0/  ? 

7   two  pences  is.     2d. 

6  farthings  if 


Anf.         1         37 


2     RULE. 

Double  the  price,  then  the  number  of  pounds 
call  pence,  and  the  number  of  crowns  over,  call 
farthings. 


Ex. 
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Ex. 

If  deals  be  18  1.  16s.  3d.  for  the  long  hundred 
what  does  1  coft  ? 

double,  37  1.    J 2    6  z=  3  s. — if  d.    Anf. 

P  R  O  B.    VI. 

Having  the  pice  of  1,  /<?  £#020  ^^/  /fo  thoufand 
comes  to. 

1  RULE. 

For  every  6  pence  of  the  price,  reckon  25 
pounds  ;  and  for  every  penny  more,  4  1.  3  s.  4  d. 
or  4i  pounds.  . 

Or  ten  times  the  price  of  100,  is  the  price  of 
a  thoufand. 

Ex. 

Suppofe  1  cofts  13  s.  4d.  what  does  1000  coft? 
26  fix  pences  650 

4  times  4 1.  3  s.  4  d.        16     13     4 

Anf.  666     13     4 

2  RULE. 

Take  as  many  pounds  ns  there  are  farthings  in 
the  whole  price.  Then  add  as  many  pounds  as 
there  are  fix  pences  in  the  price.  Alfo  for  every 
ifd.  above,  add  5  fhillings,  and  10  d.  for  each 
farthing. 

Examp. 

If  1  cofts  1 4.-I  pence,  what  will  1 000  coft  ? 

59  farthings  59 1.     s.     d. 

2  fix  pences  2 

ifd.  050 

5  farthings  4       2 

Anf.        6i'    9      2 

PR  OB. 
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P  R  O  B.    VII. 

Having  the  price  of  a  thou/and,  to  find  the  price  of 
me. 

RULE. 

Take  as  many  farthings  as  pounds  in  the  price, 
abating  the  25th  part  thereof. 

Ex. 

At  564 1.  1 8  s.  9  d.  per  thou/and,  what  does  1  coft  ? 

56$  farthings  565 

2-^Vpartfub.  22 

Anf.  543  farthings  —  ns.  3I& 

P  R  O  B.     VIII. 

Having  the  price  of  1 ,  to  find  that  of  a  dozen. 

RULE. 

For  every  penny  in  the  price  reckon  a  fhilling, 
and  3  pence  for  each  odd  farthing. 

Ex. 

If   1  cofts  1 6~ pe nee*  what  will  12  be? 
Anf.   16  s.  6d. 

Cor.  The  price  of  a  dozen  being  given  ;  the  price 
$f  1  is  found,  by  reckoning  fo  many  pence  as  there  are 
(hillings  -9  or  by  taking  -^  the  price. 
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P  R  O  B.    IX, 


Having  the  price  of  i  thing  -9  to  find  the  price  of 
a  grofs. 

RULE. 

Find  the  price  in  pence,  and  take  T6^-  of  it,  for 
the  pounds. 

Ex. 

If  one  cofts  3  s.   1  if  d.  what  is  a  grofs  f 

3  s.  i  if         47*  Pence 
.6 


Anf.        28.50  or  28  1.   10%. 

P  R  O  B.    X. 

Having  the  price  of  a  grofs,  to  find  the  price  of  one* 

RULE. 

Take  the  third  part  of  the  price  in  millings, 
for  the  price  of  1  in  farthings. 

Ex. 

At  7  1.  9  s.  6  d.  the  grofs,   what  is  the  pice  of  1  ? 

7I.  9  s.  6d.  is         149^  millings,  or  150  s. 
3)150(50  far.  zz  i2^d,     Anf. 

P  R  O  B.     XL 

Having  the  price  of  a  gallon  of  liquors  s  to  find  the 
price  of  a  ton. 

RULE. 

Put  the  price  into  pence,  and  call  them  fc  many 
guineas  s  adding  quarter  guineas  for  farthings. 

Ex 
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Ex. 

If  brandy  be  fold  for  6  s.  io|-d.  a  gallon,  what  is 
that  a  ton  ? 

6  s.  ic4d.  is  82!  d. 

82  guin.       f     82     o     o 
420 


{ 


■Jd.  15    9 


Anf.         86  17     9 


Cor.  The  price  of  a  hogfhead  is  had,  by  taking 
*>  quarter  of  this  fum. 

P  R  O  B.     XII. 

Having  the  price  of  a  ton  of  liquor  s\  to  find  that 
tf  a  gallon. 

RULE. 

Reduce  the  price  to  guineas;  then  for  every 
guinea  reckon  a  penny,  and  a  farthing  for  a  quar- 
ter guinea. 

£x. 
At  97  1.  per  ton,  what  is  that  a  gallon? 

97  1.  is         92  g.     Ss. 
92  pence  —  7     8 

8  (hillings  —  ot 

Anf.         7     8^ 
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P  R  O  B.     XIII. 

Knowing  the  price  of  i  pound,  to  find  what  the 
hundred  weight  cofts. 

i     RULE. 

For  every  penny  which  a  pound  denotes, 
Count  once  the  angels,  'bating  twice  the  groats. 

Ex. 
If  a  pound  be  ji  d.  what  is  the  hundred  weight  ? 
yi  angels  3  1.  15  s. 

15  groats,  fub.  5 

Anf.         2      10 


2     RULE, 

Number  the  farthings  that  each  pound  denotes, 
Take  twice  the  {hillings,  once  as  many  groats. 

Ex. 

If  1  cod  3  s.  6-Jd.  what  will  100  weight  cojl  ? 
3  s.  61- d.  is  171  farthings, 
twice  171  millings  17     2     o 

171  groats,  add  2     170 

19     19  o 


5     RULE. 

Find  the  pence  for  1  ;  take  9   times  as  many 
(hillings,  and  once  as  many  groats. 

Ex. 
At   10  d.  per  pound,  what  is  the  hundred  weight  ? 
9  ten  pences  90 

ten  groats  3     4 


93     4 
Anf.  4     13     4 
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PROB,     XIV. 

The  'price  of  a  hundred  weight  being  given,  to  find 
that  of  a  pound  ? 

1  RULE. 

For  every  7  (hillings  in  the  price  of  a  hundred 
weight,  reckon  3  farthings  for  a  pound. 

Ex. 

At  8  /.  a  hundred  weight,  what  will  one  coji  ? 
8  pounds  are       160  (hillings 
the  7th  part  23 

3  times  23  farth8.  69  zz  17^  pence,  Anfw. 

2  RULE. 

Take  the  tenth  part  of  the  price  in  (hillings,  and 
the  fourteenth  part  of  that ;  the  fum  is  the  pence  for 
a  pound. 

Ex. 
At  29 1.  1 7  s.  6d.  the  hundred,  how  much  is  a  pound  ? 
29  1.   17  s.  6d.  is     597f  (hillings, 
the  tenth  part  59. 7 

-pV  of  this         —      4.2 

fum  64  pence. 

Anf.         5  s.  4d. 


PROB.     XV. 

In  Troy  weight,  having  the  price  of  a  grain,  to  find 
the  price  of  an  ounce,  or  a  pound  ? 

RULE. 

Multiply  the  farthings  in  the  price,  by  6  ;  gives 
the  price  of  a  pound,  in  pounds. 

Or 
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Or  double  the  pence  in  the  price  -,  gives  the  price 
of  an  ounce  in  pounds  fterling. 

Ex.   i. 

At  i~  d.  a  grain,  how  much  is  a  pound? 
if  or  5f  x  6  =  30  L     Anf. 

Ex.  2. 

At  2d.  a  grain,  how  much  is  an  ounce  of  gold  ? 
2  d.  doubled  is         4  pounds.  Anf. 

P  R  O  B.     XVI. 

In  Troy  weight,  the  price  of  a  penny  weight  being  gi- 
ven, to  find  that  of  a  pound. 

RULE. 

The  number  of  pence  in  the  price,  call  pounds. 

Ex. 
'And  1  of  d.  the  penny  weight,  how  much  is  a  pound  ? 
1  of  pounds  10  1.  10  s.  Anfw. 

P  R  O  B.     XVII. 

The  price  of  a  bufljel  of  coals  being  given,  to  find 
that  of  a  chaldron,  or  36  bujhels. 

RULE. 

Thrice  the  number  of  pence  in  the  price,  call 
fhillings. 

Ex. 
At  4f  d.  the  bafhel,  how  much  is  a  chaldron  of  coals  ? 

Thrice  4f  is  i^~  fhillings,  or  13  s.  6d.  Anf. 


PR  OB. 
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PROB,    XVIII. 

Given  the  price  of  a  ft  one,  to  find  the  price  of  a 
ton. 

RULE. 

Find  the  pence,    and  take  -J-  that  number  of 
pounds. 

Ex. 

At  3  s.  4-1  d.  a  ftone,  what  is  that  a  ton  ? 
3  j.  4ti.  is  40j. 

and  *  of  40j  is  —  +  —  or  i6  A  1. 
36  6 

and  26  .i-  1.  is  26  1.    16  s.  8  d.  Anf. 
6 

PROB.     XIX. 

The  price  of  one  thing  being  given  in  pence,  to  find 
what  any.  number  will  come  to. 

1     RULE. 

For  6  pence  reckon  half  fo  many  millings; 
For  3  pence,  half  of  the  laft  fum  j  and 
For  a  penny,  f  of  the  laft. 

Example. 

What  will  57  coft  at  8  d.  a  piece? 

s.       d.  l.     s.      d. 

half  of  57              286  186 

half  of  this            14     3  00 

I  third  of  that         49  49 

ditto         —        4     9  4     9 

Anf.  1    i8     o 


2  RULE. 
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2     RULE.     By  a  "Table. 

Againft  the  quantity  on  the  fide,  and  under  the 
price  of  i  at  top,  you  have  the  price  of  your  quantity. 
This  is  to  be  taken  out  at  fevcral  times  as  occafion  re* 

quires. 


num 

I  farch.  |  2  farth. 

3  farth. 

1  pen. 

2  pen. 

2 

4 
6 
8 

10 
1  0 
1   2 

l  4 
1  6 
1  8 

3  pen. 

4  pen. 

2 

3 
4 
5 
6 

7 
8 

9 

io 

1.    8.   d.' 
°i 
°I 

n 

1 

1 + 
j  1 

H 

2 

2i 

1.     s.  di 

1 

'4 

2 

3 
3? 

4 

41 

5 

1.     s.  d. 
0} 

n 

3 

3* 

42 

I1 

71 

1 

2 

3 

4 

7 

8 

9 
10 

3 
6 

9 
1  0 

1  3 
1  6 

1  9 

2  0 

2  6 

4 

8 

1  0 

1  4 

1  8 

2  0 
2  4 

2  8 

3  0 
34 

20 
30 
40 

5° 

60 
70. 

So 
90 
100 

200 
300 
400 
500 
600 
700 
800 
900 
1000 

5 

IO 

I     04 

1       3 
1       54 
1        8 

1  \o\ 

2  1 

4     2 
6     3 

8     4 
10     5 
1 2     6 

H     7 

16     8 

»8     9 

1     0  10 

10 

1     3 

1  8 

2  1 
2    6 

2  1 1 

3  4 

3  9 

4  2 

8     4 

'    12     6 

16     8 

1     0     10 
1     5     0 
i     9     2 

1     »3  4 

1  17  6 

2  1   8 

1     3 

1  10J 

2  6 

3  M 

3  9 

4  4: 

5  0 

6  3 

1  8 

2  6 

3  4 

4  2 

5  0 

5  1° 

6  8 

7  6 

8  4 

3  4 

5  0 

6  8 
84 

10  0 
n   8 

J3  4 

15  0 

16  8 

5    A 

7  6 

10  0 

12  6 

15  c 

17  6 

1       0  0 

1       2  6 

1       5  0 

6  8 
10  0 

13  4 

16  8 

1     00 

1     J  4 
1     6  8 

1   10  0 

1   13  4 

12     6 

18     9 

1     5    0 

1   11     3 

1  17    6 

2  3     9 
2  10     0 
2  16     3 
326 

16  8 
1     s  0 

1  13  4 

2  1   8 

2   10  0 

2  18  4 

3  6  8 

3  15  ° 

4  3  4 

1  13  4 

2  10  0 

3  6  8 

4  3  4 

5  00 

5  16  8 

6  13  4 

7  100 

8  6  8 

2  10  0 

3  IJ  0 

I     °C 
650 

7  10  0 

8  15  0 
10     0  0 
u     50 
12   10  0 

3     6  8 

5  00 

6  13  4 
8     6  8 

10  0  0 

11  13  4 

13     6  8 
1500 
16  13  4 

Examp. 


P.I. 


5  Pen- 

6 

pen. 

I 

5 

6 

2 

10 

1  0 

3 

I 

3 

1  6 

4 

I 

8 

2  0 

5 

2 

1 

2  6 

6 

2 

6 

3  ° 

7 

2 

11 

36 

8 

3 

4 

4  0 

9 

3 

9 

4  6 

10 

4 

2 

5  0 

20 

8 

4 

10  0 

30 

12 

6 

15  ° 

40 

16 

8 

1 

0  0 

5o 

1 

0 

10 

1 

5  0 

60 

1 

5 

0 

1 

10  0 

70 

1 

9 

2 

1 

15  0 

80 

1 

13 

4 

2 

0  0 

90 

1 

17 

6 

2 

5  0 

100 

2 

1 

8 

2 

JO  0 

— _~ 

— 

"T" 



200 

4 

3 

4 

5 

0  0 

300 

6 

5 

0 

7 

10  0 

400 

8 

6 

8 

10 

0  0 

500 

10 

8 

4 

12 

10  0 

600 

£2 

10 

0 

'5 

0  0 

700 

'4 

11 

8 

17 

10  0 

800 

16 

13 

4 

20 

0  0 

900 

18 

15 

0 

22 

10  0 

1000 

20 

16 

8 

*5 

0  0 
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Ex  amp. 

What  comes  1453  t°* 
gi  d.  a  piece  ? 


35 


l.       s. 

1000  (at  6d.)  25     o 

at  3d.  12   10 

at  f  21 

400  (at  6 d.)  jo     o 

at  3  d.  50 

at  f  16 

50  (at  6d.)  1     5 

at  3  d.  12 

at  i  2 

3(at6d.)  1 

at  3d. 

at  -f. 


at 

d. 
o 
o 
8 
o 
o 
8 
o 
6 
1 
6 

9 
if 


Anf.     si  10  3-1 
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P  R  O  B.    XX. 

The  price  of  i  being  given  in /hillings,  to  find  what 
any  number  will  come  to. 

i     RULE. 

In  the  number  of  things  propofed,  double  the 
right  hand  figure  for  millings,  and  reckon  the  reft 
of  it  pounds.  Then  take  this  fum  of  pounds  and 
fhillings  as  oft  as  2  is  contained  in  the  price ;  and 
if  there  is  an  odd  milling,  take  half  the  faid  fum. 

Examp. 

IVhat  is  2344  ounces  at  1 3  /hillings  an  ounce  ? 
234 1.  8  s.  taken  6  times   is         1406  1.     8  s, 
half  of  it         —         117         4 


Aof.       1523 


2     RULE. 

Multiply  the  number  of  things  by  half  the  price  5 
then  double  the  right  hand  figure  for  fhillings,  and 
the  reft  is  pounds. 

In  the  /ormer  Example. 

2344  x  by  6*-  is  as  follows, 

6  x  2344     is  14064 

half  of  it     is  1172 


15236 


Anf.         1523  1.     12  s. 


P  R  O  B. 
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P  R  O  B.    XXI. 

Having  the  price  of  i  in  pounds  \  to  find  the  price 
$f  any  number  of  them. 

RULE. 

Multiply  the  price  feparately  by  every  figure  of 
the  propofed  number ;  putting  each  product  in  its 
proper  place. 

Examp. 

What  comes  5307  to  at  $7  1.  a  piece? 
5000  x  57  —  285000 

300  x  57  —  17100 

7  X  57  T-  399 

Anf.     302499 1. 


P  R  O  B.     XXTI. 

To  cafi  up/urns  of  money  by  Counters. 

RULE. 

Make  four  feparate  partitions  upon  a  table,  and 
mark  them  with  chalk,  pounds,  millings,  pence, 
farthings  ;  then  write  down  the  feveral  fums,  or 
elfe  put  as  many  counters  into  each  partition  as 
there  are  pounds,  millings,  &c.  in  each  fum.  Then 
begin  to  reckon  at  the  lowed  denomination,  and 
proceed  till  you  amount  to  1  of  the  next  greater  -, 
then  throw  away  that  number  of  counters  in  the 
lefTer,  and  inftead  of  them,  put  1  counter  in  the 
place  of  the  greater.  Proceed  thus  throughout, 
leaving  only  fo  many  counters  in  each  partition,  as 
is  the  overplus  at  laft. 

Note,  pieces  of  paper  may  ferve  inftead  of  coun- 
ters, and  brown  paper  may  ferve  for  pence,  and 
white,  for  (hillings. 

C  3  Ex  amp. 
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Example. 
Suppofe  you  have  the  fol-      |  poun. 
lowing  fums9 
L  s.         d. 


3 

7 

a 

05 

12 

2i 

17 

11 

*i 

9 

0 

II 

tot. 


J35 

000 

00 

00 

o 


(hill, 

penc.l 

far. 

0 

0 

0 

ooco 

00 

0 

0000 

00 

000c 

1 

Firft,  I  fay,  3  farthings  and  a  halfpenny  are  5 
farthings,  leave  1  counter  in  the  place  of  farthings ; 
and  carry  1  to  the  place  of  pence.  Then  1  and 
1 1  is  1 2,  which  throw  away,  and  put  1  counter  in 
the  place  of  {hillings  \  then  6  and  2  is  8  and  8  i$ 
16,  throw  away  12,  and  put  1  in  the  place  of  fhil- 
lings,  and  put  in  4  counters  at  pence.  Then  2  and 
11  is  13  and  12  is  25,  throw  away  20,  and  but  1 
in  the  place  of  pounds.  Then  5  and  7  is  \i%  fo 
put  12  counters  in  the  place  of  {hillings.  Laftly, 
1  and  9  is  10  and  7  is  17,  and  5  is  22,  and  3.  is 
25,  and  10  is  35,  and  100  is  135-,  fo  put  135 
counters  in  the  place  of  pounds.  So  examining 
each  partition,  you  will  find  135  1.  12  s.  4-I  d.  to 
be  the  fum  required. 

P  R  O  B.     XXIII. 

To  find  the  inter  eft  of  a  fum  of  money  for  any  nurn* 
far  of  days,  at  any  rate  per  cent. 

RULE. 

Multiply  the  rate  per  cent,  and  the  principal  to- 
gether, and  take  the  third  part  of  it,  from  which 

cut 
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cut  off  3  places  to  the  right  hand.  From  this  fub- 
tract  the  73d  part  of  itlelf  ("or  for  ftiortnefs  the 
70th  part)  i  and  the  remainder  is  the  intereft  for 
12  days. 

Then  2,  5,  10  times  this,  &c.  gives  the  intereft 
for  24,  60,  1 20  days,  &c.  Alfo  XXT5  i,  f»  f»  i 
vhe  faid  intereft  gives  the  intereft  for  1,  2,  3,  4,  6 
days  ;  and  confequently  it  will  be  had  for  any  num- 
ber of  days. 

Examp. 

What  is  the  intereft  0/3111.   13  s.  4  d.  for  315 

days,  at  4t  per  cent. 

311  1.  13  s.  4d.  —  311^  =r  311.66666 


4f  X  311.666  is             — «. 
the  third  part  is         — 

three  places  cut  off        — * 
the  70th  part,  fubft. 

1402.5 
467.5 

.4675 
66 

the  intereft  for  12  days 

Intereft  for  120  days 

■  for  120  days  more 
—  for      60  days  more 

■  for      1 2  days  more 
»    ■  ■  for        3  days  more 

3*5 

.4.609 

4.609 
4.609 
2.3045 
.461 
•  1152 

12.0987 
20 

1.9740 
12 

11.6880 

Anf.     12 1.     is.     n^d. 
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P  R  O  B.     XXIV. 

Having  your  weekly  expences  •,  to  know  what  it  cojis 
you  in  the  year, 

i     RULE. 

Each  fix-pence  in  the  week  does  make  appear, 
The  guineas  with  the  crowns  fpent  in  a  year. 

Examp. 
At  5  s.  6  d.  per  weeky  or  1 1  fix-pences  per  week, 

I.  s.        d. 

1 1  guineas  —         1 1     1 1     o 

11  crowns         —  2     15     o 


Anf.       14       6     o 


2     RULE. 

The  farthings  in  each  week  do  make  appear, 
The  millings  with  the  pence  fpent  in  a  year. 
Add  one  day's  expence. 

Ex. 

At  1 5^  in  a  week,  what  is  it  in  a  year  ? 
157  is  6i  farthings. 

1.      s.      d. 

61  millings  310 

61  pence  5     1 

One  day         — .  2^ 

3     6     3t 
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PROB,    XXV. 

Knowing  your  daily  expences  ;  to  find  what  it  cojis 
in  a  year* 

RULE. 

Number  the  pennies  of  each  day's  expence ; 
So  many  pounds,  and  angels,  groats,  and  pence, 
You  fpend  within  the  year's  circumference, 

Examp. 

At  9d.  per  day^  what  for  the  year  ? 

1.    s.     d. 
9  pounds  — -  900 

9  angels  -—  4  10     o 

9  groats  —  3     ° 

9  pence         —  —  9 

Anfw,  13  1 3     9 

PROB.    XXVI. 

By  knowing  your  yearly  income  ;  to  find  whst  you 
can  fpend  a  day. 

RULE. 

The  third  part  of  the  pounds  you  yearly  have, 
So  many  two-pences  afford  to  fpend  or  fave.   nearly. 

Examp. 
At  40 1.  a  year y  quere  what  a  day  ? 

f  of  40        is  i3f 

and  13]  two-pences  is  26^  pence,  or  2  s.  2~d. 


PROB, 
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P  R  O  B.    XXVII. 

The  money  gained  in  an  hour  being  given  \  to  find 
the  produce  in  a  week. 

RULE. 

Reduce  the  price  to  pence,  and  take  ^  thereof 
for  the  pounds. 

Examp. 

If  an  hour  produces  gid.  what  will  be  the  producl 
in  a  week  ? 

Here  9t  X  -^  is  6.65  =61,  13  s.  Anfw. 

PROE.    XXVIII. 

Having  the  producl  of  any  thing  for  a  minute^  /# 
find  it  jor  a  day. 

RULE. 

Take  fo  many  pounds,  and  fo  many  angels  as 
there  are  farthings  in  the  producl:  of  one  minute* 

Examp. 
At  5-£  d.  a  minute ',  what  will  a  day  come  to  P 

5~d.  is  21   farthings, 

1.  s.     d. 

21   pounds                21  00 

21  angels        > —      10  10     o 

Anf.       31     10     o 


PROB,     XXIX, 
To  difcover  a  deceitful  Ballance. 

RULE. 

After  the  weights  are  made  even  in  the  two  fcales, 
change  them  into  the  oppofite  ones,     Then  if  they 

ftill 
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lill  remain  equil,  the  ballance  is  true  ^  if  not,  'tis 
ralfe. 

But  a  fteelyard  cannot  be  tried  this  way  ;  yet  it 
may  be  tried,  by  weighing  any  thing  with  it,  and 
;hen  weighing  that  thing  in  a  true  pair  of  fcales. 

Cor.  If  one  arm  of  a  ballance  be  longer  than  the 
ither  it  is  a  deceitful  ballance ;  though  the  fcales ,  when 
:mpty,  may  be  in  equilibrio. 

P  R  O  B.    XXX. 

To  weigh  all  things  with  the  fewejl  weights* 

RULE. 

Take  any  number  of  pound  weights  in  this  pro- 
grefiion  1,  3,  9,  27,  8  ,  &c.  and  they  will  weigh 
any  number  of  pounds,  not  exceeding  the  fum  of 
them  all.  But  fometimes  fome  of  the  weights  oiuft 
be  put  in  the  contrary  fcale,  to  be  fubtra&ed. 

The  fame  thing  may  alfo  be  done  with  the 
weights  in  this  progreflion,  1,  2,  4,  8,  16,  32,  &c. 
where  none  need  be  put  in  the  oppofite  fcale,  which 
js  better. 

P  R  O  B.     XXXI. 

7 0  find  the  content  of  any  -plane  figure  by  weighing  it. 

RULE. 

Having  the  figure  drawn  upon  paper,  cut  it  out 
in  pafteboard,  which  is  eafily  done,  by  laying  the 
paper  fcheme  upon  it ;  and  weigh  your  pafteboard 
figure  in  grains.  Then  mark  upon  it  any  fquare 
you  can  meafure,  and  cut  it  all  away  to  that 
fquare  -,  and  then  weigh  the  fquare.  And  fay,  as 
the  weight  of  the  fquare,  to  its  meafure ;  fo  is  the 
weight  of  the  figure,  to  its  content  in  the  fame 
meafure. 

PR  OB. 
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P  R  O  B.     XXXII. 

Thefolid  content  of  a  body  being  known,  to  find  its 
weight. 

RULE. 

Find  what  an  inch  or  a  foot  of  that  fort  of  body 
weighs,  either  by  trial,  or  by  the  tables  of  fpecific 
gravity.  Then  multiply  the  content  of  the  body, 
by  this  weight,  and  you  have  the  weight  of  the 
whole. 

Ex. 

How  much  does  a  piece  of  elm  weigh,  which  con- 
tains 20  feet  ? 

By  the  table  of  fpecific  gravities,  a  foot  of  elm 
weighs  49  1.  1  oz.  This  multiplied  by  20,  pro- 
duces 98171b.  that  is,  70  ft.  i-Jlb.  or  8  hundred 
6  ftone,  1^:  lb. 


PART 
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P  A  R  T     II. 

Geometrical  Problems,    and  the  Mea- 
furing  of  Lines. 

^  I  N  C  E  meafuring  the  contents  of  fuperfi- 
3  cies  and  folids  by  the  Sliding  rule,  is  very  eafy 
tnd  expeditious ;  and  we  fhall  have  occafion  to 
nake  frequent  ufe  of  it,  in  what  follows  ;  there- 
ore  I  fhall  begin  with  a  fhort  defcription  thereof. 

The  defcription  and  ufe  of  the  Sliding  rule. 

This  Rule  (commonly  called  CogfhaVs  Sliding 
?ule)  has  four  lines  upon  it,  adapted  to  meafuring  ; 
;hey  are  marked  A,  B,  C,  D.  Three  of  theie, 
^,  B,  C,  are  double  lines,  becaufe  they  proceed 
:rom  i  to  io  twice  over.  The  fourth  line  D  is  a 
angle  line,  proceeding  from  4  to  40,  and  is  called 
[he  Girt  line. 

Two  of  thefe  lines  B,  C,  are  upon  the  Aider, 
md  the  other  two  A,  D,  upon  the  rule.  The  three 
[ingle  lines  are  all  exactly  alike,  and  alike  number- 
ed, and  divided  ;  the  divifions  being  numbered  1, 
z,  3,  4,  to  i  again,  from  the  beginning  to  the 
middle-,  and  again,  1,  2,  3,  4,  to  io,  from  the 
middle  to  the  end.  The  fourth  line  D,  is  num- 
bered 4,  5,  6,  7  to  40  ,  but  figures  are  not  fet  to 
all  the  divifions,  for  towards  the  end  they  grow 
very  fmall.  The  number  4  in  the  Angle  line  ftands 
againft  1  in  the  double  lines,  and  the  number  40 
again  It  10.     In  all  the  lines  the  divifions  are  large 

at 
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at  the  beginning,  and  continually  decreafe  to  the 
laft. 

For  the  numeration  upon  the  lines  ;  i  at  the  be- 
ginning may  be  counted  r,  then  the  i  in  the  mid- 
dle will  be  10,  and  10  at  the  end  ioo.  If  i  at  the 
beginning  be  called  10,  i  in  the  middle  is  ioo, 
and  10  at  the  end  iooo.  Or  if  the  firfb  i  be  reck- 
oned ioo,  the  fecond  i  will  be  iooo,  and  the  laft 
i  or  the  io  will  be  10,000 ;  and  fo  on.  And  as 
the  grand  divifions  are  numbered  or  altered,  fo 
are  all  the  fmaller  divifions  altered  in  value  accord- 
ingly. 

The  ufe  of  the  double  lines  A  and  B,  is  for  work- 
ing the  rule  of  proportion  •,  as  alio  for  finding  the 
areas  of  plain  figures.  And  the  ufe  of  the  girt  line 
D,  and  the  other  double  line  C,  is  for  meafuring 
folids. 

Befides  thefe  lines,  there  are  feveral  other  lines 
and  leaks,  as  a  line  of  inches  with  halves,  quar- 
ters, and  half  quarters.  A  line  of  inches,  each 
divided  into  ten  parts  ;  this  is  alfo  a  foot  divided 
decimally,  and  ferves  to  turn  inches  into  decimal 
parts  of  a  foot.  The  backlide  of  the  Aiding  piece 
is  divided  into  inches,  halves,  quarters,  and  half 
quarters  -,  and  ferves  to  meafure  any  length,  by 
Hiding  it  out. 

There  are  upon  fome  of  thefe  rules  other  fcales 
and  tables,  as  a  table  of  board  meafure,  one  of 
timber  meafure.  A  line  fhewing  what  length,  for 
any  breadth,  will  make  a  foot  fquare :  this  is  for 
compleating  the  table  of  board  meafure.  Alio  a 
line,  fhewing  what  length  will  make  a  folid  foot, 
for  any  thicknefs.  This  alfo  compleats  the  table 
of  folid  meafure. 

If  i  on  A  be  fet  to  any  number  on  B,  thefe  two 
lines  will  be  a  table  of  multiplication.  For  the 
numbers  in  A,  will'  be  the  feveral  multiplicands, 
and  the  correfponding  numbers  in  B,  the  products. 

Alfo 
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Alfo  if  the  lines  C,  D,  be  fet  together,  10  a- 
gainft  10;  they  will  be  a  table  of  fquares.  The 
line  D  being  the  roots,  and  C  the  fquares ;  the 
numbers  at  10  and  10  being  reckoned  10  and 
100. 

In  a  Gauger's  rule,  the  line  D  is  numbered  from 
1  at  the  beginning  to  10  at  the  end  ;  which  is  more 
commodious  for  extracting  roots. 

As  the  Ihorteft  and  eafieft  way  of  meafuring  all 
fuperficies  and  lolids,  is  by  the  Aiding  rule  ;  it  will 
be  neceffary  to  lay  down  a  few  Problems  to  (hew 
the  ufe  of  it. 

The  Ufe  of  the  Sliding  Rule. 

P  R  O  B.     1. 

To  multiply  two  numbers  together,  as  7  and  2  6. 

RULE. 

Set  1  upon  A,  to  one  of  the  numbers  (26)  up- 
on B  •,  then  againft  the  other  number  (7)  on  A,  is 
found  the  product  (182)  upon  B. 

Note,  If  the  third  term  on  A  runs  beyond  the 
end  of  the  line  B,  feek  that  third  term  on  the  o- 
ther  radius  (or  part)  of  the  line  A  ;  then  the  pro- 
duct will  be  found  on  B,  which  muft  be  increafed 
ten  times  as  much. 

P  R  O  B.     2. 

To  divide  one  number  by  another,  as  510  by  12. 

RULE. 

Set  the  divifor  (12)  on  A,  to  1  on  B;  then  a- 
gainft  the  dividend  (510)  on  A,  is  the  quotient 
(42f)  on  B. 

Note,  If  the  dividend  runs  beyond  the  end  of 
the  line  A,  diminilh  it  10  or  100  times,  to  make 

it 
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it  fall  on  A  ;  then  increafe  the  quotient  i  o  or  i  oo 
times,  refpectively. 

P  R  O  B.     3. 

To  fquare  any  number ',  as'ij. 

RULE. 

Set  1  (or  10)  upon  D  to  1  upon  C,  then  againft 
the  number  (27J  upon  D,  is  the  fquare  upon  C 
(729).  And  to  reckon  right,  obferve  that  as  the 
1  upon  D  is  counted  1,  10,  or  100,  &c.  the  1  up- 
on C  (againft  it)  will  be  1,  100,  or  10,000  ;  that 
is  the  fquare  of  the  other. 

If  you  would  fquare  270,  reckon  the  1  on  D 
to  be  100,  then  that  on  C  will  be  10,000,  and  the 
product  72,900. 

P  R  O  B.     4. 

To  extraft  the  fquare  root  of  any  number,  as  4268. 

RULE. 

Set  1  upon  C,  to  1  (or  10)  upon  D;  then  a- 
gainft  the  number  (4268)  on  C,  is  the  root  on  D 
(65.3).  Which  to  value  right,  you  muft  fuppofe 
the  1  on  C  to  be  fome  of  theft  iquares  1,  100, 
1 0,000,  &c.  which  is  near  the  given  number ;  and 
then  the  root  correfponding,  will  be  the  value  of 
the  1  on  D. 

P  R  O  B.     5. 

To  find  a  mean  proportional  between  any  two  num- 
bers, as  2  j  and  450. 

RULE. 

Set  one  cf  the  numbers  (27)  on  C.  to  the  fame 
on  D  i  then  againft  the  other  numbers  (450)  on  C, 
you  have  the  mean  (112)  on  D. 

Note, 
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Note^  if  one  of  the  numbers  overruns  the  line, 
take  the  100th  part  of  it,  and  then  take  a  mean, 
which  multiply  by  10. 

P  R  O  B.     6. 

'Three  numbers  being  %iven  ;  to  find  a  fourth  pro- 
portional:  fuppofe  12,  28,  and  57. 

RULE. 

Set  the  firft  (12)  upon  A,  to  the  fecond  (2  8 ) 
upon  B  >  and  againft  the  third  (57)  on  A,  is  the 
fourth  (133)  on  B. 

Note^  if  one  of  the  middle  numbers  runs  off  the 
line,  take  the  10th  part  of  it  only,  and  then  take 
10  times  the  fourth  proportional  found.  The  find- 
ing a  third  proportional  is  the  fame,  the  fecond 
number  being  twice  repeated. 

P  R  O  B.     7. 

If  the  breadth  of  a  board  be  given  (8  inches)  *9  t$ 
find  how  much  in  length  will  make  a  foot  fquare* 

RULE. 

If  the  board  be  narrow,  you  will  find  it  in  the 
table  of  under  board  meafure  in  the  table  on  the 
rule  •,  if  not,  (hut  the  rule,  and  feek  the  breadth 
(8)  in  the  line  of  board  meafure  running  along  the 
rule,  from  that  table  \  then  over  againft  it,  on  the 
oppofite  fide,  in  the  fcale  of  inches,  is  1  8  inches, 
the  length  required. 


D  PROB, 
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P  R  O  B.     8. 

The  fide  of  the  fquare  of  a  piece  of  timber  being 
given  (16  inches)  j  to  find  how  much  in  length  will 
make  a  foot  f olid, 

RULE. 

If  the  timber  be  fmall,  look  into  the  table  of 
under  timber  meafure  on  the  rule,  and  you'll  find 
the  feet  and  inches.  Otherwifq  look  for  the  fide  of 
the  fquare  f  16)  in  the  line  of  timber  meafure  run- 
ning along  the  rule  from  that  table :  and  againft  it, 
in  the  line  of  inches,  is  the  length  64  inches. 

P  R  O  B.     9. 

To  find  the  content  of  any  fur  face. 

RULE. 

Reduce  the  furface  to  a  rectangle,  then  (by 
Prob.  I.)  multiply  the  length  and  breadth  together, 
for  the  area  or  content  of  the  furface,  in  the  fame 
fort  of  meafure. 

Otherwife. 

If  the  length  be  given  in  feet,  and  the  breadth 
in  inches.  Set  12  on  A  to  the  length  on  B  ;  and 
againft  the  breadth  on  A,  is  the  content  on  B,  in 
feet. 

Otherwife. 

If  you  would  have  the  dimenfions  taken  in  one 
fort  of  meafure,  and  the  area  given  in  another  fort. 
See  how  many  fquarcs  of  the  firft,  make  one  of 
the  other ;  and  make  it  a  divifor. 

Then  let  this  divifor  on  A  to  the  length  on  Bt 
and  againft  the  breadth  on  A,  is  the  area  on  B. 

PROB. 
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PROB.     10. 
To  find  the  content  of  the  f olid  body. 

RULE. 

Reduce  it  to  a  long  body,  or  parallelopipedon, 
fquare  at  the  ends  ;  meafure  the  length  in  feet,  and 
the  fide  of  the  fquare  in  inches.  Then  fet  12  on 
D,  to  the  length  on  C  •,  and  againft  the  fide  of  the 
fquare  on  D,  is  the  content  on  C,  in  feet. 

PROB.     11. 

If  two  fixt  numbers  are  given  on  the  lines  D  and  C, 
as  p  and  q  •,  to  change  them  to  others  that  will  per- 
form the  fame  operations. 

RULE. 

Inftead  of  p  and  q9   take  1  and  -£ ,  or  JuL 

pp         V   q 

and  1,  or  r  and  fH9  which  may  be  exprefTed  thus, 
pp 


D 

C 

i 

i 

1 

± 

/*. 

PP 

/pp 

t 

i 

r 

qrr 

PP 

That  is,  inftead  of  fetting  p  upon  D,  to  q  upon 
C  ;  one  may  fet  1  on  D,  to  JL  on  C  ;  or     /  tL. 

on  D,  to  1  en  C  ;  or  r  on  D  to  ^L.  on  C. 

pp 

D  2  For, 
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For,  />,  q,  being  two  fixt  numbers,  and  r  take 
at  pleafure  •,  and  fmce  the  numbers  on  C  are  as  th 
fquares  of  thofe  on  D  •,    therefore  we  muft  fquare 
thofe  on  D,  and  make  them  proportional,  that  they 
may  perform  the  fame  thing  -,  then  we  fhali  have 

pp  :  q  :  :  rr  :  J,   and  s  zz3II    and  r  zz  vPP__t 

tP  i 

P  R  O  B.     12. 

1*0  find  a  proper  fixt  number  for  the  line  D,  for  mea- 
furing  planes  or  fo lids, 

R  U  L  E. 

Here  you  muft  have  given  the  content  of  fome 
particular  plane  or  folid  of  that  fort,  whofe  diame- 
ter, circumference,  &c.  is  i,  put  this  content  z=  S. 

Then  if  the  dimenfions  be  taken  in  one  meafure, 
and  the  content  given  in  another ;  put  n  zz  num- 
ber of  leffer  fquares  or  cubes  contained  in  i  of  the 


greater,  x  =  fixt  number.     Then  x  zz  */  -^L 

•  S     

For  in  areas  it  will  be  xz :  i :  :  i  :  S,  and  xzz^J  — . 
And  in  folids,  xl  x height:  height:  :  i  :  S.     And 

Examp. 

In  fquares  *■  =  i.  Or  for  inches  and  feet,  x  =  12. 

In  circles  x  =    /  _i_  .      Or  for  inches   and 
v   -7854 

feet,**   /-Jil. 

v  .7854 

In  circles,  when  the  circumference  is  i ,  x  rz    / . 

**  .0796. 

In 
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In  cylinders  for  inches  and  feet,  x  —    / — _. 
In  a  cube,  x  —  1.     For  inches  and  feet,  x  ~ 

'■Jm  = ., 

In  a  fphere,  circumference  3  j,for  inches  and  feet, 
v  .0169 

P  R  O  B.     I. 

To  draw  a  right  line  from  one  place  to  another. 

RULE. 

If  it  be  a  fmall  diftance,  apply  a  ruler,  to  the 
two  points  the  line  is  to  pafs  through,  and  by  the 
edge  of  it  draw  a  line  with  a  pin,  or  pencil,  or 
with  pen  and  ink. 

If  the  diftance  be  great,  ftretch  a  line  from  one 
place  to  the  other.  And  if  it  be  a  plane  chalk  the 
line,  and  caufe  it  to  fpring  againft  that  plane,  and 
it  will  leave  the  mark  of  a  right  line.  If  flakes  be 
placed  all  the  way  between  the  eye  and  any  diftant 
point,  they  will  ftand  in  a  right  line. 

PROB,     II. 
To  meafure  the  length  of  any  right  line. 

RULE. 

If  the  diftance  be  fhort,  open  a  pair  of  com- 
panies to  the  extent  of  the  line,  and  apply  it  to  a 
lcale  of  equal  parts,  and  you  will  have  the  length 
in  the  fame  fort  of  parts. 

If  the  diftance  be  great,  apply  any  meafure,  as  a 

foot,  yard,  &c.  to  one  end  of  the  line,  and  extend 

it  as  far  as  it  will   reach  directly  forward ;  do  thus 

'as  often  as  you  can,  till  you  come  to  the  other  end  ; 

D  3  then 
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Fig  then  fo  many  times  as  you  applied  that  meafure,  fo 
many  feez  or  yards  your  line  is  of. 

Or  extend  a  line  from  one  end  to  the  other ;  and 
meafure  the  length  of  that  line,  by  applying  any 
meafure  to  it,  as  oft  as  you  can  ;  and  you  will  find 
how  many  of  thefe  meafures  it  contains. 

In  taking  the  dimenfions  of  any  furface  or  folid, 
they  muft  all  be  taken  by  one  fort  or  meafure  j  all 
feet,  all  yards,  &c. 

P  R  O  B.     III. 

To  draw  one  line  parallel  to  another ',  thro"  any  point. 

RULE. 

I.  Let  AB  be  the  line  and  D  the  point;  from  the 
point  D  take  the  neareft  diflance  to  the  line  AB, 
with  a  pair  of  compalTes,  or  with  a  thread.  And 
from  fome  other  point  A  in  the  line  AB,  fet  off 
the  fame  diftance  to  C,  and  defcribe  a  fmalt  arch 
at  C.  Draw  a  line  from  D  to  touch  the  arch  at 
C  ;  then  CD  is  parallel  to  AB. 

Scholium. 

Thefe  parallels  are  fuppofed  both  of  them  to  be 
drawn  upon  fome  plane  furface.  But  if  one  of 
them,  as  CD,  be  fuppofed  to  be  in  the  air ;  be- 
tides the  equal  diftances,  care  muft  be  taken,  that 
they  both  be  in  the  fame  plane  ;  and  that  may  be 
known,  by  applying  the  eye  to  one  .of  them,  as 
CD,  for  if  it  cover  the  other  AB,  then  they  are 
in  one  plane,  otherwife  not. 


PR  OB. 
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Fig. 

P  R  O  B.     IV. 

To  raife  a  perpendicular  to  a  right  line^  to  pafs  thro 
a  given  point. 

RULE. 

Apply  a  ruler  to  that  line,  then  apply  one  fide 
of  a  fquare  to  the  ruler,  fo  that  the  other  fide  may 
pafs  thro'  the  point ;  or  elfe  that  another  rule  ap- 
plied thereto  may  pafs  thro'  the  point ;  then  draw 
a  line  by  the  fide  of  the  fquare  or  the  ruler. 

Or  draw  a  thread  from  that  point,  fo  that  it  may 
coincide  with  the  fide  of  the  fquare,  while  the  other 
fide  lies  upon,  or  coincides  with  the  given  line  -x 
and  the  thread  will  be  a  perpendicular. 

(Dtherwife. 

Make  the  bafe  AB,  4  ;  the  height  BC,  3,  and,    2. 
the  fide  AC,  5,  feet,  yards,  &c.  and,  then  CB  is 
perpendicular  to  AB. 

P  R  O  B.     V. 

To  raife  a  perpendicular  upon  a  plane  to  pafs  thro* 
*ny  point. 

RULE. 

Extend  a  thread  from  the  point  to  the  plane,  and 
put  it  in  fuch  a  pofition,  that  it  may  juft  coincide 
with  one  fide  of  a  fquare,  when  the  other  fide  is 
laid  on  the  plane,  round  about  the  thread  on  every 
fide.  Then  the  thread  is  a  perpendicular  to  the 
plane. 

Or  extend  a  thread  from  the  point  to  three  dis- 
tinct places  on  the  plane.  Find  the  centre  of  a 
circle  patting  thro'  thole  three  points,  which  is  f 
done  by  a  few  trials  :  then  a  line,  paffing  through 
that  center  and  the  given  point,  is  a  perpendicular. 
D4  Or 
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Fig.  Or  a  circle  may  be  defcribed  on  the  plane  with 
2.  a  pencil,  by  extending  the  thread;  and  then  the 
center  of  this  circle  may  be  found,  by  drawing 
two  parallel  lines  thro'  it,  and  drawing  a  third  line 
thro*  the  middle  of  thefe  two •,  for  if  that  line  be 
biiecled,  the  middle  point  will  be  the  center. 

P  R  O  B,     VI. 

To  meafure  the  perpendicular  height  of  any  point 
above  a  line  or  plane. 

RULE. 

Take  the  neareft  diftance  from  that  point  to  the 
line  or  plane,  with  a  firing ;  and  then  meafure  its 
length. 

If  the  perpendicular  fails  within  a  folid  body  ; 
you  muft  lay  a  ruler  from  that  point,  parallel  to 
the  bafe,  and  take  the  neareft  diftance  from  the 
ruler  to  the  bafe  ;  and  this  is  eafily  done,  if  the 
body  ftands  upon  a  plain  floor ;  but  if  not,  then  a 
board  muft  be  applied  to  the  plane  of  its  bafe, 
and  a  line  drawn  parallel  to  the  board  through  the 
top  of  the  body,  which  muft  be  held  fo  as  to  be 
every  where  equidiftant ;  and  then  that  diftance  is 
the  height  required. 

If  it  be  fo  fituated,  that  a  line  or  ruler  cannot 
be  applied,  fo  as  to  be  made  parallel  to  the  bafe. 
Then  if  it  has  a  ftreight  fide,  the  angle  that  the 
fide  makes  with  the  bafe,  and  the  length  of  the 
fide,  muft  be  found  ;  from  whence  the  perpendi- 
cular height  may  be  had. 
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P  R  O  B.     VII. 

To  divide  a  line  AB  into  any  number  of  equal  parts. 

RULE. 

Draw  any  line  ab  parallel  to  AB,  and  fet  off  3, 
your  number  of  any  equal  parts  from  a  to  b.  Draw 
the  lines  a  A  and£B,  to  interfecl:  in  C.     From  C 
draw  C/,  G?,  Cd9  Cr ;  to  interfecl:  AB  in  I,  2,  3, 
4  ;  which  are  the  divifions  required. 

The  line  AB  may  alio  be  divided  by  trials,  by 
running  a  pair  of  compafifes  from  one  end  to  the 
other-,  and  increafing  or  dccreafing  the  divifions, 
till  they  juft  anfwer  to  the  whole. 

If  the  diflance  be  large,  this  way  cannot  be  prac- 
tifed  ;  then  the  length  of  the  line  AB  mufl  be  mea- 
fured  in  feet,  yards,  &c.  and  the  whole  length  di- 
vided by  the  number  of  parts,  to  get  the  length 
of  one  part  •,  which  done,  that  length  muft  be  fet 
off  from  B  to  1,  from  1  to  2,  from  2  to  3,  &c. 
to  A. 

P  R  O  B.     VIII. 

To  defer i be  a  circle  thro9  three  points  given ,  A,  B,  F. 

RULE. 

Open  the  compafifes,  and  fetting  one  foot  in  C,  4. 
try  if  the  other  turned  about  will  reach  all  the  three 
points;  if  not,  mift  the  center,  and  try  again,  till 
it  do  :  or  you  may  ufe  a  thread  •,  then  defcribe  the 
circle  ABF. 

Otherwife. 

From  two  of  the  points  draw  lines  to  the  third, 
as  AB,  BF.  Raife  two  perpendiculars  DC,  EC, 
upon  the  middle  of  the  lines  AB,  BF  •,  to  interfecl: 
in  C.     From  the  center  C  defcribe  the  circle  ABF. 

P  R  O  B. 
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Fig. 


PROB.     IX. 
"To  find  the  center  of  a  circle. 

i     RULE. 

The  center  C  may  be  found  by  trials  ;  or  thus  ; 
draw  any  line  BF,  and  on  the  middle  point  E,  ereci 
the  perpendicular  GEH.  Bifedt  GH  m  C,  and  C 
is.  the  center. 

2  Or  thus. 

Thro'  the  circle,  draw  any  two  lines  BF,  bf9  pa- 
rallel to  one  another;  bifect  thefe  lines  at  E  and  e9 
thro'  E,  e9  draw  the  line  GH,  which  will  be  a  di- 
ameter ;  therefore  if  GH  be  bifecled  in  C,  then  C 
will  be  the  center. 

PROB.    X. 

To  divide  the  femicircle  ADB  into  any  number  of 
equal  parts. 

RULE. 

Make  AC  and  BC  equal  to  AB.  Divide  AB  in- 
to the  fame  number  of  equal  parts,  at  b9  c9  d9  e. 
And  let  the  divifions  at  the  center  rather  be  bigger 
than  lefs  than  thofe  near  the  circumference  at  A  and 
B.  Then  draw  the  lines  Cb9  Qc9  Cd9  Ce9  to  in- 
terfeft  the  circle  at  i,  2,  3,  4,  which  will  divide 
the  femicircumference  into  equal  parts  as  required. 

The  femicircle,  or  any  other  arch,  may  alfo  be 
divided  into  any  number  of  equal  parts  by  trials, 
running  a  pair  of  compaffes  from  one  end  to  the 
other,  and  increafing  or  decreafing  the  extent,  as 
it  is  found  to  be  too  little  or  too  big.  Where  note, 
the  length  of  the  radius  is  juft  the  extent  of  the 
third  part  of  the  femicircle  ADB. 


PROB. 
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Fig. 

PROB,    XL 

To  make  a  fquare  equal  to  a  given  circle, 

i    R  U  L  E. 

Thro'  the  center  C  draw  two  diameters  AB,  DE  6. 
perpendicular  to  one  another.  And  divide  each, 
of  the  quadrants  into  three  equal  parts  at  1,  2. 
So  that  the  middle  divifion  of  each  be  rather  big- 
ger, than  lefs,  than  the  other  two.  Thro'  1,  i» 
draw  the  lines  ab%  cd;  and  thro  2,  2,  the  lines 
ac,  bd ;  and  the  fquare  aide  is  equal  to  the  circle, 
AEBD. 

2     Otherwife. 

Thro'  the  center  draw  two  diameters  AC,  BD,  yt 
perpendicular  to  each  other.  And  divide  one  dia- 
meter AC  into  eight  equal  parts,  and  fet  one  of 
thefe  parts  (rather  more  than  lefs)  from  A  to  a,  and 
from  B  to  I,  C  to  c9  and  D  to  d.  Draw  al9  be, 
cd,  da.  And  abed  is  a  fquare  equal  to  the  circle 
ABCD. 

3    Otbtrwife. 

Make  the  diameter  AB   14  parts,  and  AD  11 ;  9« 
raife  the  perpendicular  DE.     Draw  AE,  and  the 
fquare  AEFG  is  equal  to  the  whole  circle,  whofe 
diameter  is  AB. 

By  the  Sliding  Rule, 

Set  1  on  A  to  .282  on  B,  and  againft  the  circum- 
ference on  A,  is  the  fide  of  the  fquare  on  B  j  whofe 
area  is  equal  to  the  circle. 

For  .282  is  the  fide  of  a  fquare  equal  to  the  cir- 
cle, whofe  circumference  is  1. 

PROB, 
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Fig. 

P  R  O  B.     XII. 

To  defcribe  an  Oval, 

RULE. 

8.  Draw  the  tranfverfe  AB,  and  conjugate  CD,  at 
right  angles  to  it.  Defcribe  two  circles  AFEK, 
and  EGBL ;  then  take  two  centers  H,  I,  any 
way  in  D,  equidiftant  from  E ;  and  from  thefe 
centers  defcribe  the  arches  KL,  MN,  to  touch  the 
circles  KF  and  GL. 

The  two  circles  may  be  drawn  otherwife  than 
to  touch  at  E  ;  for  they  may  be  made  to  pafs  thro* 
each  other's  center,  or  at  a  diftance  from  one  ano- 
ther, &c. 
*  An  ellipfis  is  eafily  drawn,  by  fetting  up  two  pins 
in  two  centers  »,  o  ;  about  which  putting  a  thread 
nop,  and  knotting  it  at  p  -,  the  point  p  carried  a- 
bout,  will  defcribe  an  ellipfis  DPKAMCNBLD, 
by  help  of  a  pencil. 

P  R  O  B.     XIII. 

To  reduce  any  irregular  figure,  or  any  curve  or  part 
tf  a  curve,  into  a  rettangle. 

RULE. 

Let  ACB  be  the  figure.  Erect  any  number  of 
perpendiculars  upon  the  bafe  AB  at  equal  diftances ; 
meafure  their  lengths,  and  add  them  together,  and 
divide  the  futn  by  their  number,  the  quotient  is 
the  mean  breadth  AD,  which  is  the  breadth-of  the 
parallelogram  ADEB,  equal  to  the  fig.  ACB :  the 
length  being  the  fame  •,  or  both  of  them  having 
the  common  bafe  AB. 

Examp. 


10, 
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Fig. 

Example,  10# 

Erect  feven  perpendiculars,  whofe  lengths  mea- 
fured  and  marked  in  the  figure,  are  o,  2,  4,  4,  2, 
3,  2.  Their  fum  is  17,  and  17  divided  by  7, 
gives  2\  for  the  mean  breadth,  which  is  equal  to 
BE  or  AD,  the  breadth  of  the  parallelogram  ABED, 
equal  to  the  figure  ACB. 

Notey  this  Prob.  is  of  ufe  in  meafuring  irregu- 
lar planks  or  boards. 

P  R  O  B.     XIV. 

To  find  the  bypothenufe  of  a  right  angled  triangle. 

RULE. 

FrQm  any  fcale  lay  down  the  length  of  the  bafe  II# 
AB.     Draw  BC  perp.  to  it,  of  the  length  given,  by 
the  fame  fcale.     Draw  AC,    which,    meafured  on 
the  fcale,  gives  its  length. 

Otherwife. 

To  the  fquare  of  the  bafe  add  the  fquare  of  the 
perpendicular  ;  extract  the  fquare  root  of  the  fum, 
and  you  have  the  hypothenufe. 

Examp. 

Let  the  bafe  AB  be  22,  the  perpendicular  BC  13. 

22  13  653(25  55  the  hypothe- 

22  13  4  nufe  AC. 

44         39       45J253 
44  13  225 


484       J 69     505)    2800 
484  2525 

653  275 


P  R  O  B. 
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Fig. 

PROB,    XV. 

Tojind  either  leg  of  a  right  angled  triangle. 

i     RULE. 

II.  Draw  the  given  fide  AB,  of  it  due  length;  raife 
BC  perpend,  to  it ;  with  the  length  of  the  hyp.  in 
your  compaffes,  fet  one  foot  in  A,  and  with  the  o- 
ther  defcribe  an  arch  cutting  CB  in  C  ;  then  CB  is 
the  other  fide,  which  meafured  on  the  fcale,  gives 
its  length. 

2     Or  thus. 

From  the  fquare  of  the  hyp.  fubtrafl:  the  fquarc 
of  the  given  fide ;  extract  the  fquare  root  of  the 
remainder,  and  you  have  the  other  fide. 

Examp. 
Let  the  hypothenufe  AC  be  25.55,  ^e  ^afe  AB  22. 


22 

25-55 

168(12.96,  the  perpen 

22 

25-55 

1             dicular,  CB. 

44 

5110 

22)68 

44 

1277 

44 

128 

■ 

484 

J3 

249)2400 



2241 

652.8 

■  ■      ■ 

484 

159 

168.8 
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Fig. 
P  R  O  B.     XVI. 

Having  the  three  fides  of  any  triangle  ACB,  to  find 
the  perpendicular  CD. 

i     RULE. 

Draw  the  bafe  AB  of  a  proper  length,  by  any  x4- 
fcale  ;  and  with  the  length  of  AC  in  your  com-  l5* 
paffes,  and  one  foot  in  A,  defcribe  a  fmall  arch ; 
then  with  BC  in  your  comparTes,  and  one  foot  in 
B,  crofs  that  arch   at  C.     Then  draw  AC,  BC  \ 
and  the  triangle  is  conftructed. 

Then  from  C  let  fall  a  perpendicular  upon  AB, 
as  CD,  for  the  perpendicular.  Or  take  the  nearer!: 
diftance  from  C  to  AB,  which  apply  to  your 
fcale. 

2     RULE. 

t..  ■;         c  f        An      AC2-f AB1  —  CB2* 

Find  one  iegment  as  AD  =:  

D 2AB. 

Then  find  CD  z=  v/CA*  —  t\D\ 

3     RULE. 

Take  half  the  fum  of  the  three  fides,  and  fub- 
tracl  each  fide  from  it,  and  you  have  three  remain- 
ders ;  then  multiply  that  half  fum,  and  the  three 
remainders  together  continually.  Extract:  the  fquare 
root,  and  divide  it  by  half  the  bafe,  and  it  gives 
the  perpendicular. 

Cor.  Hence  either  figment  of  the  bafe  is  had  thus  ; 
To  the  fquare  of  the  adjoining  fide  add  the  fquare 
of  the  bafe,  from  which  fubtrad  the  fquare  of  the 
oppofite  fide  -,  and  then  divide  bv  twice  the  bafe. 


P  R  O  B. 
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Fig. 

P  R  O  B.    XVII. 

To  find  the  circumference  of  a  circle,  from  the  di- 
ameter. 

i     RULE. 

Say  as  7  to  22,  fo  the  diameter  to  the  circum- 
*'  ference. 

2     Or  more  exaclly. 

As  113  to  355,  lb  the  diameter  to  the  circum- 
ference. 

3     Or  thus. 

Multiply  the  diameter  by  3.1416,  the  product 
is  the  circumference. 


Examp* 

Suppofe  the  diameter  be  32. 

Or  thus. 

22  : :  32   : 

3.1416 

22 

32 

64 

62832 

64 

94248 

7^704(100.6 

100.5312 

1     By  the  Sliding  Rule. 

Set  7  on  A,  to  22  on  B,  then  againfl:  the  dia- 
meter (32)  on  A,  is  the  circumference  (100.6)  on  B. 

2     Or  thus. 

Set  1  on  A,  to  3.14  on  B;  then  againfl:  the  di- 
ameter (32 J  on. A,  (tands  (100.6)  the  circumfe- 
rence on  B. 
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P  R  O  B.     XVIII. 

To  find  the  diameter  of  a  circle  from  the  circumfe- 
rence. 

i.     RULE. 

Say  as  22  to  7,  or  as  355  to  113,  or  as  3.1416" 
o  1 ;  ib  the  circumference  to  the  diameter,  23^ 

2.    Or  thus. 

Multiply  the  circumference  by  .3183,  the  pro- 
luft  is  the  diameter. 

Examp. 
Suppofe  the  circumference  be  50. 

22)250(15.91  the  circumference* 
22 

130 
no 

200 
198 


By  the  Rule. 

Set  22  on  A,  to  7  on  B,  and  againfl:  the  circum- 
erence  (50)  on  A,  is  the  diameter  (15.9)  on  B. 


PROB4 
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Fig. 
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PROB,    XIX. 

The  bafe  and  height  of  the  fegment  of  a  circle  being 
given  -9  to  find  the  diameter. 

RULE. 

As  height  of  the  fegment  DF  : 

to  half  the  chord  or  bafe  AF  or  FB  : : 

So  the  fame  half : 

to  a  fourth  GF  ; 
then  this  fourth  proportional  GF,    added  to  the 
height  of  the  fegment  FD,  gives  the  diameter  GD. 
Ex  amp. 

Suppofe  DF  2  feet ;  AF,  3.     Then  2  :  3  : :  3  :  | 
=r  4f  —  FG,  then  adding  DF,  we  have  GD  6f . 


PROB.     XX, 


Having  the  radius  of  a  circle 
regular  poligon  inferibed  in  it. 

RULE 

Multiply  the  given  radius, 
by  the  multiplier,  over  againft 
the  number  of  fides  in  this 
table  ;  the  product  is  the  fide 
of  the  poligon. 

Ex.  1. 

Suppofe  the  radius  of  a  circle 
5,  what  is  the  fide  of  an  in- 
fcribed  equilateral  triangle  ? 
1.73205 
5 

8.66025  Anf. 


to  find  the  fide  oj  a 


Numb, 
of  fides. 

Multipliers. 

3 

1. 732051 

4 

1.414214 

5 

i.i7557° 

6 

1.000000 

7 
8 

9 
10 

1 1 

12 

0.867767 

•765367 
.684040 

.618034 

•563465 

•5i/638 

Ex 


p. 

t 

II. 

// 

en 

LINES. 

Ex.   2. 

the  radius  of  a  circle  be  315, 
infer  ibed  oft  agon  ? 

•76536 

3i5 

what 

is  the  fidt 

67 

382680 
76536 
229608 

231.08840     Anfwet. 

PROB,     XXI. 

^0  find  the  length  of  the  arch  of  a  circle*  ADB, 
ly  having  the  chord  AB. 

1     RULE 

Divide  the  chord  AB  into  four  equal  parts,  and  *2 
et  one  part  from  B  to  E,  upon  the  arch  •,  and  from 
&  to  H  upon  the  chord ;  and  draw  HE  \    then 
1  HE  is  the  length  of  the  arch  ADB,  the  lefTer  feg- 
tnent. 

2,  Otherwife. 

Make  arch  AD  zr  DB,  and  draw  the  chord  AD  5 

:hen  8AP~AB  zz  length  of  the  arch  ADB. 
3 

3 .  Oiherwife. 

Make  AD  =r  DB,  and  draw  the  diameter  DFG. 

Ihen  DG~  'l6DF  xABr  length  of  the  arch 
DU-— .tfftDF 

ADB. 

Note,  if  the  arch  is  greater  than  a  femicircle  j 
ind  the  length  of  half  of  it  by  this  rule,  and  dou- 
ble iu 

£  2  This 


MEASURING 

This  Prop,  may  more  eafily  be  refolved,  by  put- 
12.  ting  a  firing  round  ADB,  and  then  meafuring  the 


68 

Fig 


firing 


Examp. 

Suppofe  AB  be  j;  DF,  2. 
DG  =  8|. 


Then  by  Prob.  18, 


.16 
2 


.32— .16DF 


.82 
2 


13 


8.125 

7.805 

7 

6.485)54635(8.42 
51880 


8.125 
1.640 

6.485 


2751 
So  the  length  of  ADB  is  8.42.     161 


1.64—82DF 


PROB.     XXII. 

To  find  the  length  of  the  quadrant  of  a  circle^  AB. 

RULE. 

Divide  the  femicircle  AGC  into  three  equal  parts 
at  G,  H  •,  which  is  done  by  fetting  CO  from  C  to 
H,  and  from  AtoGj  and  draw  BG,  BH.  Make 
DF  rz  DE  •,  then  BF  is  equal  to  the  quadrant  B A 

or  BC. 

Or  thus. 

l|i  the  chord  AB  zz  quadrant  AIB. 

Examp. 

Let  the  radius  AO  be  20 ; 
Then  by  Prob.  14,  AB  is  4.24; 

9)4-34047  4.24 

36  .47 


64 


4.71  r:  quad.  AIB. 
PROB, 
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P  R  O  B.    XXIII. 

To  find  the  ■periphery  of  an  ellipjis. 

i.    RULE. 
Multiply  half  the  fum  of  the  tranfverfe  and  con- 


69 

Fig- 


agate  diameters,  by  3.1416 
eriphery. 

2.   Or  thi 
To  twice  the  tranfverfe  adc 
le  periphery. 

Examp. 
Let  the  tranfverfe  be  3,  ana 

'hen  i~  x  2  zz  i\  zz  2.285 
6. 

i    the  product  is  the 

is, 

i  14  the  conjugate  for 

f  /£*  conjugate  2. 
Otherwife. 

3             3-x4l6 
2                    2; 

Anf.     8.28 

2)5(24-      62832 
15708 

Anf.     7.8540 

E  3 


PART 
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PART     III. 

'the  Meafuring  of  Areas  cmd  Surfaces. 

P  R  O  B.    I. 

tfofind  the  area  of  a  triangle  ABC. 

i     RULE. 
14,  T\  /TULTIPLY  the  bafe  AB,  by  the  perpen- 


M 


j  c,  XVx  dicular  CD,  half  the  product  is  the  area. 

2.     Or  thus. 

Take  half  the  fum  of  the  three  fides,  and  fubtracl: 
each  iide  from  it ;  then  multiply  that  half  fum  and 
thefe  three  remainders  together;  the  fquare  root  of 
the  laft  product  is  the  area. 

3.     Or  thus. 

Find  the  nat.  fine  of  the  angle  A,  and  multiply 
that  fine,  and  the  fides  AC,  and  AB,  together  ; 
half  the  laft  product  is  the  area.  Or  elfe  ufe  loga- 
rithms. 

If  CD  be  not  perpendicular,  but  drawn  to  make 
any  angle  you  will  at  D.  Then  add  the  logarithms 
of  AB,  CD,  and  fine  <D,  together;  abate  10. 
Then  find  the  number  belonging  \  half  of  it  is  the 
content. 


Exatnp. 
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Fig. 
Ex  amp.  ,  4 

The  bafe  AB  is  24,  the  perpendicular  CD,  13.        15. 
12 

u 

*3 
156 

Set  1  on  A,  to  half  the  bafe  (12)  on  B;  thea 
againft  the  perpendicular  (13)  on  A,  is  the  content 
(156)  on  B. 

P  R  O  B.     II. 

To  find  the  area  of  afquare  ABCD. 

RULE. 

Multiply  any  fide  by  itfelf ;  the  produft  is  the  i6K 
area.     This  is  called  fquaring  the  fide  AB. 

Examp. 
Suppofe  the  fide  of  the  fquare  23  inches. 

69 
46 

Anf.     529 


By  the  Rule. 
Set  x  on  A,  to  the  fide  23  on  B,  then  againft 
23  on  A,  is  the  area  529  on  B. 

E  4  P  R  O  B. 
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Fig* 

PROB,     III. 

To  find  the  area  ef  a  right  angled  'parallelogram 
ABCD. 

RULE. 

1 7.      Multiply  the  longer  fide  by  the  fhorter  •,  the  pro- 
duel:  is  the  area. 

Examp. 
Suppofe  the  fides  16  and  35, 

35 
16 


210 

35 


560  area. 

By  the  Rule. 

Set  1  on  A  to  the  length  (35)  on  B  ;  and  againfl 
the  breadth  on  A  (16),  is  the  area  (560)  on  B. 

Scholium. 

To  find  the  number  of  tiles  to  cover  a  houfe. 

Find  the  fquare  yards  in  the  floor  cr  oafe?  which 
multiply  by  23,    if  a  fquare  root.  by    25  if 

fharper  ;  or  by  32  if  true  pitch.  General';  a  quar- 
ter of  the  fquare  yards,  fhews  how  many  hundred 
are  required. 

PROB.     IV. 

To  find  the  area  of  a  Rhombcides,  or  oblique  Fa- 
rallelcgram,  A  BOD. 

RULE. 

Multiply  the  length  DO  or  AB,  by  the  breadth, 
or  perpendicular  AE  j  the  product  is  the  area. 

Examp. 
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•     Fig- 


Examp. 
The  length  AB  27  feet,  the  breadth  AE  18 


18. 


27 
18 

216 

27 

486. 

area. 

-gy  the  Rule. 

Set  1  on  A,  to  the  length  (27)  on  B ;  then  a- 
gainft  the  breadth  (18)  on  A,  is  the  content  (486) 
on  B. 

P  R  O  B.     V. 

To  find  the  area  of  a  Trapezoid  A  BCD. 

RULE. 

Multiply  the  fum  of  the  parallel  fides  AB,  DC,  xg 
by  the  perpendicular  diflance  between  them  AE ; 
half  the  product  is  the  area  or  content. 

Ex. 

Suppofe  the  length  AB  30  feety  DC  37  ;  and  the 
breadth  AE  185/0  find  the  area. 


3° 

«7 

57 

18 

?7 

696 

87 

2)1566. 

783  i 

By 
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Fig. 
&  By  the  Rule. 

Set  i  on  A,  to  half  the  fum  of  the  parallel  fides 

(4Si)  on  B  9  ancl  againft  the  breadth  (iS)  on  A, 

is  the  area  (783J  on  B. 

P  R  O  B.    VI. 

"To  find  the  area  of  a  'Trapezium  ABCD. 

RULE. 

ig.      Meafure  the  diagonal  AC,  and  the  perpendiculars 
20.  thereon  BE,  DF.     Then  multiply  the  diagonal,  by 
the  fum  of  thefe  perpendiculars  5  half  the  product 
is  the  area. 

£*•. 
AC  =  28 

BE  =  13 
DF  =  25 


38 
28 

3°4 

1064 
Area,     532 


By  the  Rule. 

Set  1  on  A  to  28  on  B,  then  againft  19  (half 
of  38;  on  A,  is  the  content  (532)  on  B. 
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Fig. 
PROB,     VII. 

To  find  the  content  of  any  irregular  plain  figure. 

RULE. 

Divide  it  into  triangles  and  trapezia,  by  diago-  2t, 
nal  lines.     And  meafure  all  thefe  triangles  and  tra- 
pezia feparately,  by  the  former  Rules  ;  and  the  fum 
of  them  all  is  the  area  or  content. 

If  any  fide  be  crooked,  draw  a  ftreight  line,  that 
(hall  leave  as  much  out,  as  it  takes  in. 

Examp. 

In  the  figure  annext,  there  are  eight  fides,  and 
it  is  divided  into  two  trapeziums,  ABGH,  and 
BDEC  ;  and  two  triangles  BCD,  GEF.  In  the  tra- 
pezium ABGH,  AG  zz  12,  BI  zz  4,  HK  zz  4.25  ; 
In  the  trapezium  BDEG,  GD  zz  ?6;,BM=8.6,EN 
zz  5-y.  In  the  triangle  BCD,  BD  zz  iof,  CO  zz 
4.71.     In  the  triangle  GEF,  GE  zz  12,36,  LF 

BI  zz  4.        BM  zz  S.6 
HKzz4.25.     ENzz57 

8.25.  14.3,  then  by  Logarithms, 


1AG, 
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F2lf;     iAG,  6  0.77815 

Sum.  per.  8.25  0.91645 

Area        49.5     1.69460  49.5 

— — -f-  1 19.4 

fGD,       8.35    0.92168  24.72 

Sum.  per.  14.3     1. 15533  20.08 

Area      119.4,      2.07701  213.70 

whole  area, 

fBD      5.25,       0.72015  , 

CO      4.71         0.67302 

Area       24.72       1.39317 

fGE      6.18        0.79098 
LF        3.25        0.51 188 

Area      20.08       1.30286 


PROB,    VIIL 
Fofnd  the  area  of  a  regular  Poligon., 

1.    RULE. 

22.      Meafure  the  perpendicular  diftance  CP  from  the 
center  of  the  figure  to  one  fide  AG. 

Then  multiply  the  perpendicular  CP  by  the  cir- 
cumference of  the  poligon  ABDEFG  ^  half  the 
product  is  the  area. 


2.  Other- 


p.  III. 


SURFACES, 


2.    Other  wife. 

Multiply  the  given  fide  of 
the  poligon  by  itfelf,  and  then 
by  the  multiplier  over  againfl 
the  number  of  fides,  in  this 
Table ;  the  product  is  the 
area. 


Examp 

Let  the  fide  of  < 

%  hexagon  be 

12  inches. 

12 

2-598 

12 

144 

24 

10392 

12 

10392 



2598 

144 

« 

— — 

area, 

374.112 

number 
of  fides. 

Multipliers. 

3 

0.433013 

4 

I. OOOOOO 

5 

I.720477 

6 

2.598076 

7 

3633912 

8 

4.828427 

9 

6.181824 

10 

7.694209 

11 

9.365640 

1     12 

1 1.196152 

77 

Fig. 

22. 


By  the  Rule. 

Set  1  on  A  to  144  on  B,  and  againfl:  2.6  on  A 
is  the  area  374  on  B. 

P  R  O  B.     IX. 

To  find  the  area  of  a  circle  A  BCD. 

1.     RULE. 

Multiply  half  the  circumference  ABCD,  by  half  23- 
the  diameter  AC  \  and  the  product  is  the  area. 

2.    Or  thus. 

Make  as  14  to  11  5  fo  the  fquare  of  the  diame- 
ter AC,  to  the  area. 


3-    Or 
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23.  3.    Or  /##/. 

Multiply  the  fquare  of  the  diameter  by  .7854, 
the  product  is  the  area. 

4.  Or  thus. 

Say  as  88  to  7,  fo  the  fquare  of  the  circumfe- 
rence, to  the  area. 

5.  Or  thus. 

Multiply  the  fquare  of  the  circumference  by 
.07958  ;  the  product  is  the  area. 

You  may  ufe  any  one  of  thefe  rules,  according 
as  the  data  happens  to  be. 

£#.  1. 

Let  the  diameter  be  26,  to  find  the  area. 
26  .7854 

26  6y6 

156  47,24 

52  5498 


676 


47i 


530.93  area. 


1 .    By  the  Rule. 
Set  14  on  A,  to   11   on  B-,    then   againft  the 
fquare  of  the  diameter  on  A  (676J,  is  the  area  on 

B  (53O. 

2.     Or  thus  by  the  Rule. 

Set  1       on  D,  to  .785  onC;  t  then  againft  the 
or  fet  1 . 1 3  on  D,  to 
or  fet  1  1     on  D,  to  95 
or  fet    8     on  D,  to  50 
or  fet  12     on  D,  to  1 1 3  on  C  j 


785  on  C;     then  againft  the 
1    onC-,J     diameter   (26) 
95    on  C;C     on  D, 
50    on  C  A  is  the  area  (531) 
1 1 7  on  C ;  J     on  C. 


Ex. 
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Ex.  2.  F}f 

23. 

Suppofe  the  circumference  be  5,  what  is  the  area  ? 
5  .0796 

5  25 


3980 
1592 


1.9900,  or  2  the  area. 

3.     By  the  Rule. 

Set  83  on  A,  to  7  on  B,  and  againft  the  fquarc 
of  the  circumference  (25)  on  A,  is  the  area  (1.99) 
on  B. 

4.    Or  thus  by  the  Rule. 

Set  10    on  D,  to  7.96  onCO  then  againft  the 
or  fet  1 1.3  on  D,  to  10     onCjf     circumference 
or  fet  5      on  D,  to    2     on  C  ;  (      (5)  on  D,  is  the 

or  fet  11     on  D,  to  9.6  on  C  ;  )  area  (1.99)  on  C. 

Cor.  To  meafure  the  area  of  a  ring  or  annulus. 

1.    RULE. 

Find  the  areas  of  the  outer  and  inner  circles,  and 
their  difference  is  the  area  of  the  annulus. 

2.    Or  thus. 

Multiply  the  fum  of  the  diameters  by  their  dif- 
ference, and  the  product  by  .7854. 

S  C  H  O  L. 

The  reafon  of  thefe  different  proceffes  is  found- 
ed on  this,  that  the  diameter  is  to  the  circumfe- 
rence, as  1  to  3.1416,  or  neatly  as  7  to  22  •,  and 
the  fquare  of  the  diameter  to  the  area,  as   1    to 

3.1416 
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rig.  3'l4l_  or  .7854 ;  that  is  nearly  as  14  to  11.  Like- 
23*       4 

wife  the  fquare  of  the  circumference,  to  the  area  5 

is  as  1  to  .07958,  or  as  22  X  22  to  Z2Li?,    or  as 

4 
22  X  4  to  7,  or  88  to  7.  And  upon  the  rule,  the 
numbers  on  C  are  as  the  fquares  of  the  numbers 
on  D,  Therefore  it  will  be,  i2 :  .785  : :  1.13*  :  r 
:  :  1 12 :  95  : :  82 :  50,  which  are  all  in  the  fame  pro- 
portion. For  the  fame  reafon,  iz :  .0796  :  :  11.3* 
:  10  :  :  52 :  2  : :  1 12 :  9*6,  are  in  the  fame  propor- 
tion, nearly. 

Likewife  in  the  fquare  which  is  equal  to  the  cir- 
cle, whofe  diameter  is  1,  the  fide  is  .886227  zz 
^.7854.  And  the  fide  of  the  infcribed  fquare  is 
.707107  -  J^ 

Alfo  in  the  circle  whofe  circumference  is  1,  the 

diameter  is  .218210  =   -•    and   the   area 

3.1416 

•7854 

*Q79577  — 7\*   anc*  ^e  ^e  °f  tne  e*lual 

fquare,  is  .282095  zz  '. — -£.     And  fide  of  the 

3.1416 

infcribed  fquare  is  .225079  zz  Z_Z — 7 . 

3.1416 

Whence  as  7  to  11,  fo  the  infcribed  fquare  to 

the  circle's  area. 

P  R  O  B.     X. 

To  find  the  area  of  the  fetlor  of  a  circle  ADC. 

RULE. 

Multiply  the  arch  AD   by  the  radius  AC,  and 
half  the  product  is  the  area. 

Ex. 
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Fig< 

£*•  4 

Let  the  radius  AC  be  10,  and  the  arch  AD  ji 
io 

7 
a)7°C  35  are^ 

PROB,    XL 
To  find  the  area  of  the  fegment  of  a  circle^  ADB. 

i     RULE. 

Multiply  the  bafe  AB  by  the  height  DE  y  and 
J  the  product  is  the  area,  when  the  height  is  fmall  j 
or  -J  the  prod  Lid,  if  near  a  ferriicircle* 

2.  Otherwife. 

Let  DE  be  the  height,  and  AE  or  EB  half  the 
bafe  i  then  multiply  the  fquare  of  DE,  by  .392, 
to  which  add  the  fquare  of  AE.  Extract  the  fquare 
root  of  the  fum,  which  multiply  by  4.  DE,  for  the 
area. 

3.  Otherwife. 

Let  D  be  the  vertex,  and  draw  the  chord  AD  5 
to  the  fquare  of  AB,  add  the  fquare  of  DE,  ex- 
tract the  fquare  root  of  the  fum  ;  to  twice  that 
fquare  root  add  AD,  which  multiply  by  W  DE  for 
the  area. 

4.  Otherwife. 

Find  d  the  diameter,  then  ^ZZl9™?  X  AD  X 

xGd  —  3DE 

ilDE,  is  equal  to  the  area. 
15 


5.  Other- 
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'**&  5.  Otberwife. 

Find  d  the  diameter,  then  5   ~^    ^  X  tAB  X 

$d  —  4DE 

DE  =:  the  area  of  the  fegment. 

Note,    a  zone  adjoining  to  the  center  may  be 

found  by  this  Rule,    by  fubtrafting  the  fegment 

from  the  femicircle. 

6.  Otberwife. 

4AD  +  3AB  x  . DE =area of  the  fegment  ADB. 

5 
Note,  the  1,  and  5th  Rules,  will  alfo  find  the 

nrea  of  an  elliptic  fegment. 

7.  Or  tbus. 

Let  DI  =  IE,  then  AP  +  4AI  X  ^E  -  area 

3 
of  the  fegment. 

8.  Or  tbus. 
"   Let  arch  AD  +  AE  =  p,  arch  AD  —  AE  =£  q. 
Then  gxDE-  +  yxAE;  =  ^  rf  the  f  fc 

2  Dili 

Lltf  /£*  &*/*  AB  be  32,  aforrf  AD  20,  fc££/  DE 
1 2 .     Then  by  tbe  6tb  way, 
20         32  12 

4  3  2 

80         96  3)24(8 

80  

35.2 

5)176(35.2  8 


281.6  the  area. 


When  the  fegment  is  greater  than  a  femicircle, 
find  the  leflei  fegment,  which '  fubtract  from  the 
whole  circle.  PROB, 


P.  III.  SURFACES,  83 

Fig, 
P  R  O  B.    XII. 

To  find  the  area  of  an  ellipjis  ACBD. 

RULE. 

Multiply  the  tranfverfe  AB  by  the  conjugate  axis   g# 
CD  •,  and  the  product  by  .7854,  for  the  area. 
For  an  elliptic  fegment,  fee  the  laft  Problem. 

Example. 

fuppofe  the  tranfverfe  be  32,  and  the  conjugate  24. 
32  .7854 

24  768 

128       62832 
64       47124 

54978 


?68 


603.1872     area. 


By  the  Rule. 
Find  a  mean  27.7   between  32  and  24.     Then 
fet  1  on  D  to  .785  on  C  ;  and  againft  27.7  on  D, 
is  the  content  603.  on  C. 

P  R  O  B.     XIII. 

To  find  the  area  of  a  Parabola  ABC. 

RULE. 

A  parabola  is  made  by  cutting  a  cone  by  a  plane  25, 
parallel  to  its  fide 

Multiply  the  bafe  AC  by  the  height  BD  ;  and  ~ 
that  product  is  the  area. 

F  2  Examp. 
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Fjg. 

259  Exatnp. 

Suppofe  the  height  BD  zz  ioo,  and  bafe  AC  =r.  6$» 
68  6800 

100  2 


6800 


3)  1 3600(4533,  the  area. 


5y  the  Rule. 
Set  1  on  A,  to  f  the  height  (33.3)  on  B,  and 
againft  twice  the  bafe  (136)  on  A,  is  the  content 

(4533)  on  B- 

P  R  O  B.    XIV. 

Vofintl  the  fegment  AEFC  of  a  Parabola. 

RULE. 

EF  is  parallel  to  AC,  then  AO  ~  EF>  x  *GD 
r  AC*  —  EF*      T 

zz  the  area. 

Examp. 

Let  AC  be  12,  EF  8,  GD  5,  to  find  the  area. 

12         8  144     80)1216(15.2     .     15.2 

8 


12 


64 
80 


80 


144         ^4         80  416 

12           8 400 

1728       512       512  160 

1216  


76.0 
2 

3)152.0 
50.66  area. 


PR  OB. 
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Fig. 
P  R  O  B.     XV.  25. 

To  meafure  irregular  Parallelograms^  fuch  as  irre- 
gular planks ,  &c. 

RULE. 

Take  the  breadth  in  feveral  equidiftant  places, 
the  fum  of  which  divide  by  the  number  of  places, 
for  the  mean  breadth ;  multiply  the  mean  breadth. 
by  the  length,  for  the  area* 

Examp. 

Suppofe  a  plank  1 6  feet  long,  and  the  breadth  in 
feveral  places  6,  7 ,9,  9,  n  inches. 

6  16 

7  *-4 

9  T 

11  128 

5)42(8.4  mean  12)134.4(11.2 -feet* 

— —     breadth. 

By  the  Rule. 

Having  found  the  mean  breadth  in  inches ;  thert 
fet  12  on  A,  to  the  length  16  on  B ;  and  againft 
the  breadth  8.4  on  A,  is  the  content  on  B  11.2 
feet. 

PROB.     XVI. 

To  meafure  any  irregular  figure ',  bounded  by  a  curves 

1.     RULE. 

Draw  AC  for  the  bafe,  then  meafure  the  three  26% 
equidiftant  perpendiculars  A*z,  Bb>  Cc,  then 

4£+C'±4B*  X  AC  =  area  AacC. 
6 

F  3  2.  Other- 
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Fig. 

2 .    Otherwife. 

2  J.      Meafure  the  four  equidiftant  perpendiculars  Aa, 
B£,  O,  Dd;  then 

ha  +  D^  +  3Bb  +  ,,C,       AD  =  area     ,  ^ 
8 

3.  Or  /i?#j  wor*  exatlly. 
28.       Meafure  the  five  equidiftant  perpendiculars  Aa9 
Bb,  Cr,  Di,  E^  5  then 
7Atf +  7Eg  +  32B^  +  3^D^  +  i2Cf  x  AE  =  area 

.9° 

A^E  ;  but  this  is  troublefome  to  complete. 

20.       And  the  fame  holds,    if  the  figure  he  curve  on 
both  fides  \  drawing  the  bafe  AC  thro'  it. 
4.    Otherwife . 
20.      Divide  the  bafe  AI  into  any  even  number  of  e- 
qual  parts,  and 

Let  X  equal  fum  of  the  extreme  ordinares     ,  I. 
O  =  fum  of  all  the  other  odd  ones,  the  3d,  jth, 

7th,  &c. 
E  — :  fum  of  all  the  even  ones,  2d,  4th,  6th,  &c. 
L  zz  length  of  two  of  thefe  equal  parts.     Then 

X  +  2O  +  4E   x  l  zz  area  of  the  curve.    Where 
6 

for  every  two  ordinates,  from  the  firft  -,  the  curve 
ought  to  be  concave  the  fame  way. 
Examp* 
26.      There  is  a  curve  line  whofe  bafe  is  6y  feet,  and 
three  ordinates  or  perpendiculars  erecled,  Aa>  B£,  Ccy 
are  35,  40  and  28. 

By  tbefirft  Rule.  35  223 

28  67 

40  1 60 - 

4  ■■  1 56 1 

■ ■  223      1338 

160  — area. 

6)14941(2490^, 

PROB, 
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Fig; 
PROP,.     XVII. 

To  find  the  fur  face  of  a  vaulted  roof,  being  like  the 
arch  of  a  bridge. 

RULE. 

Meafure  the  length  of  the  curve  of  the  arch  by 
a  firing  or  otherwife;  then  multiply  this  length  of 
the  arch,  by  the  length  of  the  yault ;  the  product 
is  the  furface. 

Examp. 

Suppofe  the  arch  be  30  yards,  and  the  length  of  the 
vault  y~. 

Jl 
210 
*5 

Surf.    225  yards. 

Cor.  If  the  arch  be  a  femi circle,  or  any  fegment  of 
a  circle  \  its  length  may  be  found  by  Prob.  1L  without 
meafuring. 

PROB.     XVIII. 

To  find  the  furface  of  a  pyramid,  parallelopipedon, 
$r  of  any  f olid  bounded  by  planes, 

R  U  L  E. 

Meafure  every  particular  plane  feparately ;  and 
the  fum  of  all  is  the  furface. 

Cor.  If  it  be  an  upright  prifm  -,  meafure  the  cir- 
cumference of  the  bafe,  which  multiply  by  the  height 
*f  the  Jolt d. 

F  4  PROB. 
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,      P  R  O  B.     XIX. 

To  meafure  the  fur  face  of  aright  cone*  or  afrujlum 
of  it. 

RULE. 

1 1.      Multiply  the  circumference  of  the  bafe  by  half 
the  flant  fide,  for  the  furface  of  the  whole. 

Or  multiply  half  the  fum  of  the  circumferences 
of  the  top  and  bpttom,  by  the  flant  fide,  for  the 
fruftum. 

Or  thus. 
If  AB  be  the  fide,  and  BC  the  Diameter.  Then 
as  7  :  1 1  : :  AB  x  BC  :  furface  of  the  cone. 
Example. 
J^et  tfyeftde  AB  he  20  \  diameter  BC  8. 

20 
8 

i$o 
H 

j  60 
160 

7) 1760 

251.4 
Surface, 

P  R  O  B.     XX. 

To  find  the  furface  of  a  right  cylinder \ 

1.    RULE, 

«2#      Multiply  the  circumference  of  the  bafe  AB  by 
the  height  AC,  for  the  convex  furface. 

2.     Or  thus. 

As  7  :  22  : :  AB  x  AC  :  furface, 

Exampf 


III.             SURFACES. 

% 

Examp. 

Fig. 

Let  the  fide  CA  be  20,  diameter  AB  8. 

32' 

20 
8 

160 

22 

320 
320 

furfacc. 

7)3520(502.8 


P  R  O  B.    XXL 

To  find  the  furface  of  a  fphere. 

1.   RULE. 

Multiply  the  circumference  of  the  fphere  ABCD, 
by  the  diameter  AC,  for  the  furface. 

2.    Or  thus. 
Find  the  area  of  a  great  circle  of  the  fphere,  „ 
which  multiply  by  4  for  the  furface. 

Or  thus. 
7  :  22  :  :  AC*  :  furface. 

Examp. 
Let  AC  =9  feet. 

9  81 

9  22 

81  162 

162 


7)1782 
254,6  furface*  Examp. 
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Fig, 

PROB.    XXII, 

To  find  the  fur  face  of  the  fegment  of  a  fphere. 

1.    RULE. 

Multiply  the  circumference  of  the  whole  fphere 
54'  by  the  height  of  the  fegment  CD,  for  its  furface. 

2.  Or  thus. 

To  the  fquare  of  the  diameter  of  the  bafe  add 
4  times  the  fquare  of  the  height  CD  ;  the  fum  mul- 
tiplied by  .7854,  gives  the  furface  5  or  3.J416AC4 
zz  furface. 

3.  Or  thus. 

As  7  to  22,  fo  AC4  to  the  furface  ACB. 

Cor.  Hence  if  the  furface  of  any  zone  be  required, 
work  by  the  fir  ft  rule,  viz.  multiply  the  circumference 
of  the  whole  fphere,  by  the  height  of  the  zone. 

Examp. 

If  AC  be  25  feet,  what  is  the  furface  ACB? 

25  625 

25  22 

125  1250 

50  1250 

62 5      7)I375°r  *964-3  feet- 


PROB, 


P.  III.  SURFACES.  91 

Fig. 
P  R  O  B.     XXIII.  35- 

To  find  the  furface  of  a  cylindric  ring. 

1.    RULE. 

Add  the  thicknefs  AB  to  the  inner  diameter  BD, 
which  fum  multiply  by  the  thicknefs  AB,  and  the 
proctoa  by  3.1416%  gives  the  furface. 

2.    Or  rather  thus. 
The  furface  =  AB  X  AD  X  9.87. 

3.    Or  thus. 

From  10AB  X  AD,  fubtraft  -^  part  thereof,  for 

the  furface. 

Ex  amp. 

Let  AB  be  1,  AD  12, 
12  9.87 

1  12 


12  1974 

987 


118.44  furface. 


P  R  O  B.     XXIV. 

To  find  the  furface  of  a  fpheroid. 

1.    RULE. 

Multiply  the  two  axes  AB  CD  together,  and  36. 
that  product  by  3.1 41 6  for  the  furface  of  an  oblong 
fcheroid. 

2.  Or 


92  MEASURING    OF 

i6m  2.    Or  thus. 

To  twice  the  tranfverfe  (or  axis  of  revolution) 
add  the  conjugate  diameter,  multiply  the  fum  by 
f  the  conjugate  -,  and  the  product  by  3.1416  gives 
the  furface. 

3.    Other  wife. 

Meafure  the  circumferences  about  AB  and  CD,, 
which  call  P  and  Q.  Then  as  22  :  7  :  :  P  x  Q  : 
furface  of  the  fpheroid ;  which  is  a  fmall  matter 
too  big,  when  the  diameters  AB,  CD,  are  very  un- 
equal. 

Examp. 
Ut  AD  be  10,  CD  7. 
10  3'i4i6 

7  7o 

70  219.9120  or  220  the  furface* 

PROB.    XXV. 

To  find  the  furface  of  any  folid  CAD,  generated 
by  revolving  about  the  axis  AB. 

RULE. 

27*  Take  with  a  ftring  the  length  of  the  arch  CA 
or  AD  ;  and  divide  the  ftring  into  3  equal  parts  at 
e,  / ;  apply  the  ftring  again  to  the  curve,  and  mark 
where  the  points  e,  /,  fall :  take  the  diameters  there, 

which  call  P  and  Q,  then  CP  +  3?  +  3£  X 

8 

3. 141 6  AfeC  z=  furface. 

Note,  If  the  curve  does  not  come  to  the  axis  at 

A,  you  muft  take  its  diameter  there,  and  add  it  to 

CD. 


If 
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If  the  body  be  very  long,  divide  it  into  two  or  Fig. 
more  parts,  and  meafure  each  part  feparately,  by  ^\ 

this  Rule. 

Examp. 

Suppofe  the  three  diameters  at  C,  e  and  f  •,  that  is 
CD,  P  and  Q,  to  be  12,  10,  7  •,  and  the  length  of 
the  curve  AfeC9  15. 


10 

7 

12 

3.1416 

3 

3 

30 

63 

"-""~  > 

— 

21 

I97-92 

30 

21 

— 

94248     15 

— 

63 

188496    

- 98960 

197.9208  19792 

8)  2968.80 
371.10 

S 

Surface. 

C  H  O  L. 

Any  proportion  on  the  lines  A  and  B  on  the 
Aiding  rule,  may  be  wrought  on  Gunter's  line,  with 
a  pair  of  companies  •,  by  extending  from  the  firft 
term  to  the  fecond ;  and  fetting  that  extent  the 
fame  way,  from  the  third  to  the  fourth. 

Or,  extending  from  the  firft  to  the  third ;  and 
fetting  that  extent  from  the  fecond  to  the  fourth. 

Alfo,  any  of  thefe  proportions,  which  are  wrought 
on  the  lines  D  and  C,  may  be  wrought  on  Gunter's 
line  with  compaffes,  thus.  Extend  from  the  firft 
term  to  the  third  ;  and  fet  twice  that  extent  (the 
iame  way)  from  the  fecond  term,  and  it  will  reach 
to  the  fourth. 

Examp.  If  the  diameter  of  a  circle  be  26  (Ex.  t. 
Prob.  IX,)  ,  extend  from  11  to  26,  and  that  ex- 
tent 
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pjcr.  tent  (turned  twice  over)  will  reach  from  95  to  the 
37.  area  531. 

And  the  fame  rule  holds  good  for  folids,  by  the 
proportions  laid  down  in  the  following  parts  of  this 
book. 

Alfo  if  the  diameter  or  fide  of  a  folid  is  known, 
and  its  content ;  the  content  of  any  other  (imilar 
folid  may  be  found  -9  whofe  diameter  or  fide  is  gi- 
ven.    Thus 

Extend  from  the  known  fide  to  the  given  fide, 
and  thrice  that  extent  will  reach  from  the  known 
content  to  the  content  required. 


PART 


[  95  1  Fig, 


PART     IV. 

The  Meafuring  of  Solids, 


P  R  O  B.     I. 

To  find  the  folidity  of  a  Cube  ABCD. 

RULE. 

MULTIPLY  the  fide  AB  by  itfelf,  and  that  38. 
product  by  the  fame  fide  again  ;  and  the  laft 
product  is  the  folid  content,  in  the  fame  fort  of  mea- 
fure. 

This  is  called  cubing  the  fide  AB, 

Ex  amp* 
Suppofe  the  fide  AB,  be  two  feet  two  inches. 
2  f .  2  in.  zz  2.166  feet. 


2.166 

4.69  r 
2.166 

28146 
28146 
4691 
9382 

10.160706 
10.16  feet. 

12996 
12996 
2166 

4332 

4.691556 

or 

1.  By 
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Fig. 
,g#  i.  By  the  Rule. 

Set  i  upon  D,  to  the  fide  (2.166)  on  C;  and 
againft  the  fide  (2.166)  on  D,  is  the  content  on  C 
(10.16)  feet,  being  the  fame  fort  of  meafure. 

2.  Or  thus,  by  the  Rule. 
Set  12  upon  D,  to  the  height  in  feet  (2.16)  on; 
C  ;  and  againft  the  fide  in  inches  (26)  on  D,  is  the 
content  in  feet  (10.16)  on  C. 

P  R  O  B.     II. 

To  find  the  content  of  a  fquare  prifm,  or  parallel 
pipedon  with  a  fquare  bafe,  ABCD- 

RULE, 

40.      Square  the  fide  AB  for  the  area  of  the  bafe  5 
which  multiply  by  the  height,  gives  the  folidity. 

Examp. 

Suppofe  the  bafe  2  feet  6  inches,  and  the  height 
19  feet. 

2  f.  6  in.  s  2.5  6.25 

2.5  19 

125  5625 

50  625 

bafe  6.25         118.75  content. 


1.   By  the  Rule. 

Set  1  upon  D,  to  the  height  (13 )  upon  C,  and 
againft  the  fide  of  the  bafe  (2^)  upon  D,  is  the 
content  (1 18.7)  upon  C,  in  the  fame  meafures. 

2.  Or 
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jpl  p* 

2.  Or  thus,  by  the  Rule. 

Set  12  upon  D,  to  the  height  in  feet  (19J  upon 
•,  and  againft  the  fide  of  the  bafe  in  inches  (30JI 
ipon  D,  is  the  content  in  feet  (118.7)  upon  C. 

P  R  O  B.     III. 

To  find  the  folidity  of  any  fort  ofprifm,  ABCD. 

RULE. 

Find  the  area  of  the  bafe  AB,  by  fome  of  the  41; 
^oblems  in  Part  III.  then  multiply  that  bafe  by  42. 
he  height  AC,  gives  the  folid  content. 

Exam 

Let  the  bafe  AB,  be  4.65  feet,  and  height  AC  25 
at. 

4-65 
25 

2325 
93° 

116.25  feet, 

1.  By  the  Rule. 

i  Set  1  upon  A,  to  the  bafe  (4.65)  upon  B  •,  then 
tgainft  the  length  (25)  on  A,  is  the  content  on  B 
116),  in  the  fame  fort  of  meafure. 

2.  Or  thus,  by  the  Rule. 

Set  144  upon  A,  to  the  bafe  Li  inches  (669-J-) 
)n  B,  then  againft  the  length  (25)  in  feet  on  A,  is 
:he  content  in-  feet  on  B  (1 16). 


PROB, 
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Fig. 

PROB.     IV. 

¥0  find  the  f olid  content  of  a  cylinder ',  ARCD. 

RULE. 

Find  the  area  of  the  bafe  AB  or  DC,  by  Prob.  9." 


39- 


Part  III.  then  multiply  that  bafe  by  the  height  AD, 
for  the  content. 

Examp.    1. 

Let  the  diameter  of  a  cylinder  be  14  inches,  and  the 
height  5  feet. 

14  in.  =  1. 166  +  .785  i.067 

1. 167  1.36  5 


8162 

47io         5.335  content, 

6996 

2355            

1166 

785 

1 166 

1.06760  bafe. 

1.360722 

1.  By  the  Rule. 
Set  1.13  upon  D,  to  the  height  (5)  upon  C,  and 
againft  the  diameter  (1.166)  on   D,  is  the  content 
(5.33)  on  C,  in  the  fame  meafure. 

2.  Or  thus,  by  the  Rule. 

Take  j  the  circumference  for  the  girt.  Then  fet 
.886  on  D,  to  the  height  (5)  on  C;  then  againft 
the  girt  (.917)  onD,  is  the  content  (5.33)  on  C; 
in  the  fame  meafure. 

For  here  the  diameter  being  14  inches  the  cir- 
cumference is  44,  and  the  girt  1 1  or  .917  feet. 


3.  Or 
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J* jcrd 

3.  Or  thus,  by  the  Rule.  £ 

Set  3.54  upon  D,  to  the  height  (5)  on  G  ;  and 
againft  the  circumference  (3.66)  on  D,  is  the  con- 
tent (5.33)  on  C;  in  the  fame  meafure. 

Ex.  2. 

There  is  a  cylinder  whofe  height  is  40  feet,  and  di- 
ameter 30  inches ,  #r  circumference  94.25  inches  \  to 
find  the  content  in  feet. 

30  in.  =  2.5  f.  .7854  4.908 

2.5  6.25  40 

125                 47124           196.320  content. 
50  1 571  — 


6.25 


392 
4.9087 


4.  %  /£<?  i2«/<?. 

Set  1 3.54  on  D,  to  the  height  in  feet  (40)  on  C ; 
and  againft  the  diameter  in  inches  (^o)  on  D,  is 
the  content  in  feet  (196,3)  on  C. 

5.  Or  thus,  by  the  Rule. 

Take  £  tne  circumference  in  inches  for  the  girt, 
Then  fet  10.63  on  D,  to  the  height  in  feet  (40  j  on 
C  ;  and  againft  the  girt  in  inches  (23,5,)  on  D,  is 
the  content  in  feet  (196.3)  on  C. 

6.  Or  thus,  by  the  Rule. 

Set  42.54  on  D,  to  the  height  in  feet  (40)  on  C  -, 
and  againft  the  circumference  in  inches  (94.25)  on 
p,  is  the  content  in  feet  (196.3,)  on  C. 

G  2  Schol.' 
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Fig.  _, 

0/r  Scholium. 
39' 

Cbferve  here,  that  .886227  is  the  fquare  root  or 

the  area  of  a  circle  whofe  diameter  is  1  =z  v^.7854. 

And  .282095  is  the  fide  of  a  fquare,  equal  to  a 

circle,  whofe  circumference  is  l. 

And  3.5450  = I =  3'14      ,    and  is  the 

.282095        .8862 
circumference  of  a  circle,  whofe  area  is  1. 

And  10.63472  is  the  fide  of  a  fquare,  equal  to  a 

circle,  whofe  diameter  is  12  inches  =  ^.7854x144 
=  I2X  .886227. 
And  42.538896  =  4x10.634724  =  12X3-545°- 

And  13.54055  ==  42'538896,  and  is  the  diame- 
3.1416 

ter  of  a  circle,  whofe  area  is  144,  and  therefore  is 

_      I2 

~~  .8862' 

And  1. 1 2838 1  is  the  diameter  of  a  circle,  whole 

area  is  1,  zz  — - . 

.8862 

P  R  O  B.    V. 

To  find  the  content  of  a  cone  or  pyramid  ADB. 

RULE. 

43-      Meafure  the  bafe,  then  multiply  the  bafe  by  one 
44*  third  of  the  height  DC  ;  or  elie  multiply  the  bafe 

by  the  height,  and  take  f  the  product,    for  the 

content. 


Examp, 
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Ex  amp.  f3 

There  is  a  com  or  pyramid  <wh$fe  height  DC  is  60,  44. 
and  bafe  51 ,  to  find  the  content. 

20  6a 

1020  content        3)3060 

1020  content. 


By  the  Rule. 

Set  1  on  A,  to  f  the  height  (20)  on  B ;  and  a- 
gainft  the  bafe  (51)  on  A,  is  the  content  f  1020J 
on  B. 

P  R  O  B.     VI. 

To  find  the  content  of  the  fruftum,  of  a  cone  or  py- 
ramid AD. 

1.    RULE 

Find  the  areas  of  the  two  bafes,  at  top  and  bot-  a? 
torn  AB,  CD,  and  the  height  PQ  ;  call  the  bafes  4ga 

B  and  L     Then  B  +  h  +  ^—  x  POn  content. 

3 

That  is,  multiply  the  two  bafes  together,  and  ex- 
tract the  fquare  root ;  to  the  fum  of  the  bafes  add 
this  fquare  root,  and  multiply  the  third  part  there- 
of by  the  height. 

2 .    Or  thus. 

For  a  fquare  pyramid,  to  the  rectangle  of  the 
fides  of  the  two  bafes,  add  -l  the  fquare  of  the  dif- 
ference •,  the  fum  multiplied  by  the  height,  gives 
the  folidity  of  the  fruftum. 

In  a  cone  ufe  the  diameters  inftead  of  the  fides  ; 
and  the  laft  product  muft  be  multiplied  by  .7854, 
for  the  fruftum, 

G  3  3.  Other- 
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°  3 .    Otherwise. 

45-  °  .  ■* 

46.      In  a  fquare  pyramid,    let  D,  i,  be  the  fides  of 

the  bafes,  or  diameters  in  a  cone.     Then  ~ 

D  —  d 
X  f  the  height,   r=  content  of  the  fquare  fruftum  ; 
which  fruflum  mufl  be  multiplied  by  .7854,  for  the 
content  of  the  conic  fruflum. 
Ex  amp. 

Suppofe  the  greater  diameter  %6>  the  lejfer  27,  and 
the  height  24. 

23976  the  fquare  fruflum, 


36    36        972 
27    27    27 

23976 
•7*54 

252    9    999 
72     9    24 

167832 

19181 

1198 

972  3)81(27  3996 
r— 1998 

95 

18830.6  the 
23976     conic  fruflum. 


P  R  O  B.     VII. 

To  find  the  content  of  a  Prifmcid  or  Pyramidoid 
GE.  * 

4J.  This  is  a  folid  whofe  fides  are  flreight,  and  the 
two  bafes  parallel,  but  not  fimilar  figures ;  when 
they  are  poligons,  'tis  called  a  Prifmoid^  or  Pyra- 
midoid -,  but  if  they  are  ellipies,  'tis  called  a  Cylin- 
drcid.  For  this  folid,  when  the  bafes  are  rectangles, 
or  ellipies. 

RULE. 
To  the  bottom  length   (BE),  add  half  the  top 
length  (ADj  ^  and  multiply  the  fum  by  the  bottom 
breadth  (BC;,  for  the  firft  product 

To 
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To  the  top  length  (ADJ,  add  half  the  bottom  Fig. 
length  (BE,),  and  multiply  the  ium  by  the  top  47. 
breadth  f  AGJ  -,  for  the  fecond  product. 

Multiply  the  fum  of  thefe  products  by  ~  the 
height  (AL)  for  the  content. 

When  the  body  is  a  cylindroid,  with  elliptic 
bafes  ;  you  mult  ufe  the  diameters  inftead  of  the 
fides  parallel  to  them ;  and  compute  the  folidity  as 
before ;  and  then  multiply  the  laft  product  by 
.7854,  and  it  gives  the  content  of  the  infcribed  cy- 
lindroid. 

When  the  bafes  are  poligons,  you  may  ufe  the 
firft  rule  in  the  laft  Problem. 
Examp. 

'There  is  a  fquare  prifmoid^  whofe  dimenfions  are 
BE  =2  40,  AD  -  36,  CB  =  32,  AG  =  12  5  and 
height  AL  =  28. 


40 

36 

1856 

18 

20 

672 

58 

56 

2528 

32 

12 

9t 

116 

112 

22752 

174 

5^ 

842* 

1856 

672 

23594r  content 

But  for  the  infcribed  cylindroid, 
multiply  by  .7854.  23594.6 

.7854 


1651626 

188757 
11797 

943 


Content,      18531,23 

G  4  PROB, 
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^|;  P  R  O  B.     VIII. 

49*   ^o  find  the  content  of  any  ungula,  or  hoof  of  a  cone. 

This  is  a  folid  made  by  cutting  the  fruftum  of  a 
cone,  by  a  plane  palling  through  it  diagonally,  or 
touching  the  two  oppofite  bafes,  on  contrary  fides. 

i.    RULE. 

Meafure  the  diameter  of  the  bafe  AB>  and  the 
conjugate  diameter  IO,  of  the  ellipfis  AICO-,  alfo 
the  height  CD.  Then  divide  the  difference  of  the 
cubes  of  AB,  10,  by  the  difference  of  their  fquares ; 
and  multiply  the  quotient  by  .7854AB  x  t  CD, 
for  the  content  of  either  ungula. 

Note,  if  d  be  zz.  the  diameter  that  is  wanting  j 

then  you  may  take  y^AB  x  d  inflead  of  IO, 

2.  Or  thus. 
Let  diameter  AB  zz.  b,  conjug.  diameter  IOzir, 

Then  b±±h±Si  b  x   ^54  X  AB,  is  the  con* 

b  +  c  3 

tent. 


Examp 
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Fie. 
Ex  amp.  g 

Suppofe  AB  16,  109,  CD  125  to  find  the  content,    49, 


16   9   16 

481 

16   9    9 

16 

96  81  144 

2886 

16   —   81 

.481 

— r                 256 

— „ 

256       

25)7696(3°7-8 

481 

75- 

— m 

— — 

307.8 

196 

12   I23I.2 

175 

.7854 



6156 

21 

3078     86184 

— — . 

9849 


3)3693.6        615 

1231.2  49 


966.97  the  content. 


P  R  O  B.     IX. 

21*  meafure  irregular  parallelopipedons^  fitch  as 
pieces  of  timber,  &c. 

1.     RULE. 

Girt  it  about  in  the  middle  with  a  firing,  and 
meafure  it,  and  take  a  quarter  of  the  girt  in  inches 
for  the  fide  of  the  fquare  \  therefore  fquare  it,  and 
then  multiply  it  by  the  length  of  the  body  •,  the 
product  is  the  content. 

2 .    Othirwife. 
If  the  body  is  very  irregular,  divide  it  into  two 
or  more  parts,  and  meafure  each  part  feparately, 
by  this  rule.  Or 
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Fig.  Or  elfe,  gird  it  in  feveral  equidiftant  places,  and 
add  all  the  girths  together,  and  divide  the  fum  by 
the  number  of  places,  for  the  girt  •,  then  proceed 
as  before. 

Note*  if  the  girt  be  taken  in  inches,  and  the 
length  in  feet,  the  laft  product:,  divided  by  144, 
gives  the  content  in  feet. 

Ex  amp, 

A  piece  of  wood  is  1 8  feet  long,  and  the  girt  round 
about  the  middle \  is  66  inches  ,  to  find  the  content  in 
feet. 

A  quarter  of  the  girt  is  1 6f  for  the  fide  of  the 
fquare. 

16.5  272.25 

16.5  18 


825 

217800 

990 

27225 

165 

■ 

1 44)4900.50(34.02  feet 

172.25 

432.  ..  * 

580 

576 

400 


3.  Otherwife  by  a  Table. 


From  this  table,  take  the  area  correfponding  to 
the  fade  of  the  fquare  in  inches  -,  and  multiply  it 
by  the  length  in  feet  for  the  content.  If  the  fide 
of  the  fquare  exceed  the  table,  take  half  of  it ; 
and  at  laft,  take  four  times  the  content  found. 


A  Table 
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A  Table  for  meafuring  Wood. 
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Fig. 


Side 
fquare 

Area. 

]   Side 
J  fquare 

Area. 

oide 
fquare 

Area. 

Inch. 
6 

6t 

6-i 

Feet. 
.250 
.272 
.294 

-3*7 

1  Inch. 
12 

I2f 

I2| 

Feet. 
I.  OOO 
I. O42 
1,085 
1. 129 

Inch. 
18 

l9 

*9i 

Feet. 
2.250 
2.376 
2.506 
2.640 

7 
7i 

7i 
7i 

•340 

.364 

•390 

.417 

'3 

*3t 

i3i 
134 

1. 174 
I.219 

I.265 

l>3l3 

20 
2  of 
21 
2ii 

2-7/7 
2.917 

3.062 

3.209 

8 
Si 

•444 
.472 

.501 
•53i 

14 
I4i 

14J 

1.361 
1.410 
1.460 
1.511 

22 

2  2f 
23 

23t 

3-3^1 
3-5*5 

3-673 
3^35 

9 

9i 

9i 

9i 

.562 

•594 
.626 

•659  ! 

15 
*5i 

1.562 

1. 615 
1.668 
1.722 

24 

24V 

25 

2  5i 

4.000 
4.16S 

4.340 
4.5  '  6 
4.694 
4,876 
5.062 
5-252 

10 

iot 
101 

10-I 

.694 

•730 
.766 

.803    : 

16 
it* 

16A 

1.777 

i-833 
1.890 
1.948 

26 

26f 

27 

*7i 

1 1 

.840    1 

.878 

.918 

*7 

l7i 
*7i 
Hi 

2.006 
2.066 
2.126 

2.187 

28 
28- 

29 

29f 

5-444 
5,640 
5.840 
6.044 

30   1  6.250 

i.  By 
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FlS-  Exojnp. 

If  a  piece  of  wood  be  1 8  feet  long,  and  1 6f  inches 
a  quarter  of  the  girt,  as  before. 
1.890 
18 


15120 

1890 

34.020  the  content  as  before, 

1 .    By  the  Sliding  Rule. 

Meafure  the  circumference  in  the  middle,  and 
take  a  quarter  of  it  in  inches,  and  call  it  the  girt. 

Then  fet  1 2  on  D,  to  the  length  in  feet  ( 1 8 )  on 
C-,  then  againft  the  girt  in  inches  (16*-)  on  D,  is 
the  content  on  C  (34)  feet. 

2.  Or  thus,  by  the  Rule. 

Take  a  quarter  of  the  circumference,  or  the  girt 
in  feet,  which  here  is  1  375  •,  then, 

Set  1  upon  D,  to  the  length  (18)  upon  C;  and 
againfl  the  girt  (1.37)  in  feet  on  D,  is  the  content 
(34)  upon  C. 

Note,  thefe  are  the  fame  rules,  as  given  in 
Prob.  II. 

S  C  H  O  L. 

This  is  the  common  method  of  meafuring  wood, 
as  praclifed  in  all  raff  yards,  taking  a  quarter  of 
the  circumference  in  the  middle,  for  the  lide  of  the 
fquare.  But  it  is  objected,  that  it  makes  the  con- 
tent too  little  in  proportion  as  14  to  1 1  •,  and  that 
it  ought  to  be  meafured  as  a  cylinder.  But  to  this 
it  is  anfwered,  that  before  the  wood  can  be  fquared 
and  made  fit  for  ufc,  a  great  part  of  it  goes  to  wafte 
in  chips  -,  and  therefore  the  quantity  of  round  timber 

ought 
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ought  to  be  reckoned  no  more  than  what  the  in-  Fig. 
fcnbed  fquare  will  amount  to,  which  mould  be  re- 
duced in  that  proportion,  that  is  as  11  to  7,  which 
is  more  than  14  to  7.  Another  objection  is,  that 
in  tapering  timber,  taking  the  fide  of  the  fquare 
in  the  middle  of  the  piece,  makes  the  content  alfo 
too  little  But  to  this  it  is  anfwered,  that  in  mod 
cafes,  the  great  end  is  to  be  cut  away,  till  it  be  of 
the  lame  dimenfions  as  the  lefTer  end;  or  elfe 
it  cannot  be  fawn  into  proper  fluff;  and  upon  that 
account  taking  the  fquare  in  the  middle  makes  too 
much  of  it. 

On  the  other  hand,  when  fquare  timber  is  mea- 
fured,  if  one  fide  of  the  fquare  is  greater  than  the 
other,  a  quarter  of  the  girt  will  make  too  much  of 
it ;  fo  that  this  Rule  will  in  fome  cafes  give  too 
much,  and  in  others  too  little,  by  an  inconfidera- 
ble  quantity  ;  and  therefore  may  pafs  well  enough 
in  common  ufe.  But  if  a  round  piece  of  wood  is  to 
be  meafured,  every  inch  of  which  may  be  made  ufe  of, 
then  I  think  it  ought  to  be  meafured  as  a  cylinder, 
or  elfe  as  the  fruftum  of  a  cone,  if  it  be  tapering, 
according  to  the  Rules  in  Prob.  4th  and  6th. 

P  R  O  B.     X. 

To  meafure  a  heap  of  fand^  or  earth ;  a  pond  of 
water>  &c. 

RULE. 

Take  the  depth  of  it,  in  feveral  places,  at  equal 
diflances,  as  near  as  you  can ;  add  all  thefe  depths 
together,  and  divide  by  the  number  of  them  ;  the 
quotient  is  the  mean  depth.  Then  find  the  area 
of  the  bale  on  which  it  ftands,  which  multiply  by 
the  mean  depth,  and  the  product  is  the  content. 

•  If  it  happen,  that  the  heap  is  fo  folid,  that  the 
depth  cannot  be  taken,  draw  a  firing  over  the 
top  of  it,  parallel  to  the  bale,  and  meafure  the 

height 
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Fig.  height  of  it  above  the  bafe,  for  the  greatefi 
depth  of  the  heap.  Then  take  feveral  equi- 
diftant  places  upon  the  firing,  and  meafure  from 
the  firing  plumb  down  to  the  heap;  then  thefe 
being  fubtracled  from  the  greatefi  depth,  give  the 
depth  in  thefe  feveral  places.  Then  put  the  firing 
into  a  new  pofition  (or  elfe  draw  another  firing  a- 
crofs  it),  and  take  equal  diflances,  and  meafure  as 
before ;  and  repeat  the  fame,  as  oft  as  need  be ; 
till  you  get  a  fufficient  number  of  depths  thro'  the 
whole  heap ;  all  which  mufl  be  fet  down  and  fub- 
tradled  from  the  greatefi  depth  as  before.  And 
then  you  may  apply  the  rule  at  firfl  given. 

Note,  you  may  fometimes  reduce  the  heap  into 
fome  fort  of  a  regular  body,  which  will  facilitate 


the  meafuring, 


Examp. 


There  is  a  heap  of  flones,  whofe 
bafe  is  1 5  yards  -,  the  greater!  depth 
3,  and  the  depth  from  lines  drawn 
over  it,  taken  in  9  places,  are  as  in 

the  table. 


0 

3- 

2f 

0.5 

2 

1 

X 

2 

if 

15 

2 

1 

I 

2 

2f 

0.5 

if 

«-5 

13.0 



9^3^-44 
9 

40 

36 


content,  2f.6o  vards, 
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P  R  O  B.     XI. 


in 

Fig. 


To  find  the  folidity  of  any  of  the  five  regular  folidsy 
from  a  fide  being  given. 


i.  RULE. 

Multiply  the  cube  of 
the  given  fide,  by  the 
number  {landing  againft 
the  name  of  the  body  in 
this  Table  \  the  product 
is  the  folid  content. 


Tetraedron 
or  Pyramid. 

.1178511 

M 

Hexedron, 
or  Cube, 

1. 000000 

Oclaedron. 

.4714045 

Dodecaedron. 

7.6631 188 

Icofaedron. 

2.1816951 

2.    Or  thus. 

Multiply  the  furface  of  the  body  by  4  of  the 
diftance  of  two  oppofite  faces,  when  thev  are  pa- 
rallel. 

Examp. 
"The  fide  of  an  Oftaedron  is  27. 

.4714 
27 


32998 
9428 


12.7278  content. 
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Fig. 

P  R  O  B.     XIL 

To  find  the  content  of  any  irregular  body  bounded  by 
'planes. 

RULE. 

Suppofe  it  divided  into  prifms  and  pyramids ; 
then  meafure  all  thefe  feparately,  and  the  fum  of 
all  is  the  content. 

Examp* 

r0t  The  folid  AHFD  is  divided  into  five  parts,  by 
'  planes  drawn  parallel  to  the  fides.  There  is  i.  The 
parallelopipedon  KHGLNFIO.  2.  The  triangular 
prifm  AHKOIB.  3.  The  triangular prifmEFNOIC. 
4.  The  fquare  pyramid  IBDCO.  5.  The  prifm 
GPF.  And  each  of  thefe  may  be  computed  by 
the  foregoing  Problems,  and  the  fum  will  be  the 
whole  content.  Part  of  this  folid  may  be  meafured 
by  Prob.  VII.  But  when  they  are  compounded 
they  cannot,  but  muft  be  cut  in  pieces,  like  this. 

PROB.     XIII. 

To  find  the  content  of  a  cylindric  ring. 

RULE. 

35.  To  the  thicknefs  of  the  ring,  AB,  add  the  in- 
ner diameter  BD  •,  multiply  the  fum  by  the  area 
of  the  fection  AB,  and  the  product  by  3. 141 6  gives 
the  folidity. 


Emmy. 
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Examp.  Fig* 

Let  AB  the  thicknefsbe  13,  BD  the  inner  diameter  35- 
157>  to  find  the  f olid  content  BAED. 


157 
13 

•7854 
169 

170 
*3 

70686 
47124 
7854 

13 

39 
13 

169 

area,  132.7326 
170 

92912820 
1327326 

22564.54I20 
3.1416 

6769362 

225645 

90258 

2256 

1353 

Content,  70888.74 

P  R  O  B.    XIV. 

To  find  the  folidity  of  a  fphere  or  globe,  A  BCD. 

1.     RULE. 

Multiply  its  furface  by  the  radius  AO-,  4.  the  33." 
produdt  is  the  folidity. 

2.    Otherwife. 

Say  as  21   to  11,  fo  the  cube  of  the  diameter, 
o  the  content :  which  is  nearly  as  2  to  1. 

H  3,  Other* 
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Fig. 
„?  3.     Otherwife. 

Multiply  the  cube  of  the  diameter  by  .5236 ; 
the  product  is  the  folidity. 

4.  Or  thus. 

Multiply  the  cube  of  the  circumference  by  .0169; 
and  you  have  the  content. 

5.    Or  thus. 
Find  the  area  of  a  great  circle  of  the  Ipherc, 
and  multiply  it  by  -J-  of  the  diameter. 

Examp. 

Suppofe  the  diameter  of  a  globe  is  16  inches,  or  cir- 
cumference 50.3. 

16   256   4096  2 1)45056(2 1 45f  content. 
16    16     11     42... 

96  1536   4096     30 
16   256   4096     

?$6    4096  45056     84 

106 
105 

11 

1.     By  the  Rule. 
Set  1.38  on  D,  to  the  diametei*  (16)  on  C,  and 
againft  the  diameter  (16)  on  D,    is  the  content 
{2140)  on  C,  in  the  fame  meafure. 


2.  Or 
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Fig. 
2.  Or  thus,  by  the  Rule.  00 

Set  57.4  on  D,  to  the  diameter  in  inches  (16) 
on  C  ;  and  againft  the  diameter  (16)  in  inches,  is 
the  content  (1.24)  in  feet.  • 

3.  Or  thus,  by  the  Rule. 

Stt  7.7  on  D,  to  the  circumference  (50*3)  on  C* 
and  againft  (50.3)  on  D,  is  the  content  (2140)  on 
G,  in  the  fame  meafure. 

4.  Or  thus,  by  the  Rule. 

Set  320  on  D,  to  the  circumference  in  inches 
(50-3)  on  C,  and  againft  the  circumference  (50.3) 
on  D,  is  the  content  in  feet  (1.24)  on  C. 

Cor.  To  find  the  folidity  of  an  Orb. 
This  is  only  finding  the  folidities  of  the  two 
fpheres,  and  fubtracting  the  inner  from  the  outer. 

Scholium. 

The  number  .52359  is  the  folid  content  of  a 
fphere,  \yhofe  diameter  is  r. 

And  .0169  is  the  content,  when  the  circumfe- 
rence is  1. 

And  1.3819=   / — I , 

V  '5*359 

And  57.444  =  y-728 


■52359 
And  7.6923  =     I — --  • 

And  319.76  =  J^-> 
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jpicf. 

5*.  P  R  O  B.    XV. 

¥0  find  the  content  of  the  fegment  of  afphere  ADB. 

i.     RULE. 

To  thrice  the  fquare  of  the  bafe  AB,  add  four 
times  the  fquare  of  the  height  DC,  divide  the  fum 
by  6  •>  multiply  the  quotient  by  the  height  DC, 
and  the  product  by  .7854  for  the  folidity.  This 
holds  for  either  fegment  ADB  or  ANB. 

2.  Otherwife. 

From  fix  times  the  diameter  DN,  fubtract  four 
times  the  height  DC  •,  multiply  4  of  the  remainder 
t>y  the  fquare  of  the  height  DC,  and  that  product 
by  .7854,  for  the  content ;  for  either  fegment,  ADB 
or  ANB. 

3.  Otherwife. 

-5?T  bafe  X  height  z:  content,  but  lefs  exacT:. 
This  ferves  only  for  the  leffer  fegment. 

Examp. 
Let  AB  be  28  inches^  and  the  height  CD,  6|. 

By  Logarithms. 

28     1.447158        2352 

28  i-447I5^    169 
3  0.477 12 1    

2521  3-40I573 

*352     3-37*437    6.5  0.812913 

.7854,-1.895091 

6.$    0.8 1 29 1 3  . — » — 

6.$    0.812913        4.109577 
4   0.602060     6,  0.778151 


169  2.227886   2145*  3-33*426 

Content. 
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Fig. 
P  R  O  B.     XVJ.  52- 

To  find  the  folidity  of  any  fpherical  Fruftum  or  Zone> 
BACD. 

1.     RULE. 

To  the  fum  of  the  fquares  of  the  diameters  of 
the  bafes,  AB,  CD  -,  add  -J  the  fquare  of  the  height 
AL ;  multiply  the  fum  by  half  the  height  AL> 
and  the  produft  by  .7854  gives  the  content. 

2.  Or  thus. 

Multiply  half  the  fum  of  the  fquares  of  bafes 
AB,  CD,  by  the  height  AL,  to  which  add  4.  the 
cube  of  AL  :  and  multiply  the  whole  by  .7854  for 
the  content. 

Exatnp. 

Let  AB  be  24,  CD  42,  and  the  height  AL  21. 
24  42  21  441 

24  42  21  4 


96 
48 

84 
168 

21 

42 

3)1764 
588 

576 

1764 

441 

576 

1764 

5*8 

Log: 
Log: 
Log: 

2928,             3466571 

'AL,  10.5     1.02 1 1 89 

.7854         —  1. 895091 

tent, 

24147 

— 

4.382851 
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53r  PRO  B.     XVII.       . 

To  find  the  folidity  of  a  Spheroid  ACBD. 

RULE. 

Multiply  the  fquare  of  the  diameter  pf  the  fphc* 
roid  AB,  by  -J  the  axis  CD  ;  the  product  multir 
ply'd  by  .7854  gives  the  folidity. 

Examp. 
l*tt  the  diameter  AB  be  34,  and  axis  CD  60, 
Log  :  AB  34         1.53 1479 
Log:  34         1.53 1479 

Log  :  yCD,  40      1.602060 
Log:    .7854         1.895091 

Content  36317,     —4.560109 

P  R  O  B.    XVIII, 

To  find  the  [olid  content  of  the  fegment  of  a  Spheroia] 
ADB. 

1.    RULE. 

,  Multiply  twice  the  fquare  of  the  conjugate  dia- 
**  '  meter,  by  the  height  of  the  fegment,  and  divide 
the  product  by  the  tranfverfe  diameter  -,  to  this  quo- 
tient, add  the  fquare  of  the  diameter  of  the  bafe  ^ 
and  multiply  the  fum  by  -f  the  height,  and  then  by 
.7854,  for  the  content. 

2.  Or  thus. 
Let  ^r  be  the  tranfverfe,  B  the  bafe  of  the  fegr 

ment,  h  the  height  -,  then  %r  ~  h  x  |B£  =  folic} 

zr  —  h 

content. 

That 


&r 
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That  is,  fubtradl  the  height  of  the  fegment  from  Fig 
J  the  tranfverfe  axis,  by  this  multiply  the  fquare 
of  the  diameter  of  the  bafe,  for  a  dividend.    Sub- 
tract the  height  from  the  tranfverfe,  for  a  divilbr. 
Multiply  the  quotient  by  4-  the  height,  and  then  by 

•7854- 

3.  Otherwife* 

When  you  have  not  the  tranfverfe  and  conjugate  55 
diameters  ;  multiply  the  area  of  the  bafe  by  £§  of 
the  height,  for  the  content  of  the  leffer  fegment. 

Examp. 

Let  the  axis%e  364-,  the  conjugate  18,  the  bafe 
AB  14,  and  height  CD  64* 

18          36.66)4212.0(114.9  673.4 

18                      36666  .7854 

144 
18 

324 
2 

648 

6± 

3888 
324. 

4212 


■  ■■     ' 

14 

— , 

5454 
3666 

1788 
14.66 

322 

14 

14 

196 
1 1 4.9 

47»33 

5387 

337 

27 

528.89 
content. 

324 

3)310.9 

— — — 1 

103.6 

h 

6216 

518 

673.4 
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Fig. 

P  R  O  B.     XIX. 

tfofind  the  content  of  the  frujtum  or  middle  zone  of  a 
Spheroid,  adjoining  to  the  center. 

RULE. 

•---  To  twice  the  fquare  of  the  diameter  of  the 
greater  end  CD,  add  the  fquare  of  the  diameter  of 
the  leffer  end  AB;  multiply  the  fum  by  f  the 
height  AFj  and  the  product  by  .7854  for  the 
content. 

Examp, 

Suppofe  the  bafe  CD  i3,  AB  14,  height  EF  12, 
18       14       844 

18       14  4  =  4-  height. 


144 

56 

3376 

18 

14 

1 

324 

I96 

2 

648 

648 

844 

Log  :  3376  3-528402 

Log:  .7854       —1. 895091 


Content  26514,  —3.423493 
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Fig. 
P  R  O  B.    XX.  56. 

To  meafure  a  Paraboloid,  or  parabolic  Conoid  ACB. 

1.    RULE. 

This  is  generated  by  a  parabola  revolving  round 
its  axis  CD. 

Multiply  the  fquare  of  the  diameter  of  the  bafe 
AB,  by  half  the  height  CD  5  and  the  product  by 
.7854  for  the  content. 

2.  Or  thus. 
Multiply  the  area  of  the  bafe  by  half  the  height. 

Example. 
Let  the  diameter  of  the  bafe  AB  be  32,  and  height 
CD  22.85. 

Log :  32         —  i.5°5T50 

Log:  32  —         1. 505150 

Log  :  f  height  1 1.42,    1.057666 

.7894  —  1. 895091 

Content  9 1 84I,  3-963°57 

By  the  Rule. 

Set  1. 13  on  D,  to  half  the  height  (11.4)  on  C; 
and  againft  the  diameter  (32)  on  D,  is  the  content 
(9180)  on  C. 

P  R  O  B.    xxr. 

To  meafure  the  fruflum  of  a  Paraboloid,  AEFB. 

RULE. 

Add  the  fquares  of  the  diameters  of  the  bafes 
together  •,  multiply  the  fum  by  half  the  height,  and 
the  product  by  .7854  for  the  content. 

Examp. 
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lJ?[  Examp. 

Suppofe  the  greater  diameter  32,  the  lejfer  EF  26 % 
and  height  OE  8. 

32  ,     26     1024  #7g5^ 

32       26      676  6S00 


64     156     1700  47124 

96        52  4  =  •£  height,        6283 

1024    676    6800  5340.7  content. 


P  R  O  B.     XXII. 

T0  meafure  a  parabolic  Spindle  ABD. 

RULE. 

Multiply  the  fquare  of  the  diameter  AB,  by  ^ 
^'  the  length  CD,  and  the  produd  by  .7854  for  the 
folidity. 

Note,  This  is  formed  by  revolving  about  the  or- 
dinate CD  of  a  parabola. 

Examp. 

Let  the  bafe  AB  be  24,  the  height  CD  37.52, 

Log  :  AB  24  1.380211 

Log  :  AB  24  1. 38021 1 

L°g-    -7854  —1. 895091 

Log  :   8  0.903090 

LoS  :  37>5*  i-574263 

5.132866 
Log:    15  1.176091 


Content  9053,       3-956775 


P  R  O  B. 
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PROB.    XXIII.  57* 

To  meafure  the  fruftum  of  a  parabolic  Spindle  AEFB. 

RULE. 

To  8  times  the  fquare  of  the  greater  diameter 
kB,  add  3  times  the  fquare  of  the  leffer  diameter 
EF,  and  4  times  the  produdt  of  the  two  diameters 
AB,  EF.  Multiply  the  fum  by  T'T  the  length  EL  j 
and  that  product  by  .7854,  for  the  content. 


Exanip. 

/  AB  be 

24,  EF  17,  and 

height  EL  fcpi 

24 

17 

24 

4608 

24 

V7 

17 

867 

_ 

- — 

~ ■— 

1632 

96 

119 

168 

— — 

48 

17 

24 

7107 

.    576 

289 

408 

8 

3 

4 

4608       867        1632 


L  :  7107 
L  :      20 

L :  .7854 

3.85168 

1. 30103 

—  1.89509 

L  :  15 

5.04780 
1. 1 7609 

Content,  7442-, 

3.87171 

PROB. 
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Fig. 
58-  PRO  B.     XXIV. 

Tofind  the  content  of  a  Hyper  holoid,  or  hyperbola 
cal  Conoid r,  ACB. 

A  hyperboloid  is  generated  by  a  hyperbola  ACB, 
revolving  about  its  axis  CD  ;  and  the  hyperbola  is 
.      one  of  the  Conic  Se&ions  s  to  meafure  it. 

1.     RULE. 

Let  a  zz  tranfverfe  axis,  round  which  it  revolves ; 
h  zz  height ;  B  zz  area  of  the  bafe. 

Then  |±±2*  X  Bb  zz  folid  content.     That  is, 
6a  +  6b 

To  3  times  the  tranfverfe,  add  twice  the  height 
of  the  folid ;  multiply  this  into  the  fquare  of  the 
diameter  of  the  bafe,  which  multiply  by  the  height, 
and  then  by  .7854 ;  referve  the  product  for  a  divi- 
dend. To  6  times  the  tranfverfe  add  6  times  the 
height,  for  a  divifor  j  the  quotient  is  the  content. 

2.  Or  thus. 
When  you  know  not  the  tranfverfe ;  multiply 
the  fquare  of  the  diameter  of  the  bafe  by  -j-5T  the 
height,    and   then    by   .7854,    for  the   content^ 
nearly. 


Exatnp. 
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Examp.  g 

Let  the  tranfverfe  be  20,  the  height  CD  of  the 
folid  6,  the  diameter  AB  of  the  bafe  9. 


20 

60 

9 

5832 

3 

12 

9 

6 

—— 

_ 

— 

_ 

60 

72 

81 

I56)34992(224.3 

6 

72 

312..    .7854 

2 

162 

379    *57°i 

— 

567 

312      1794 

12 

■■   ■      - 

112 



5832 

672           9 

20 
6 

6 
6 

Si  ^76.16 

0"    content 

""-~" 

""^ 

48 

120 

3* 

_ 

36 

156 


If  the  content  be  found  by  the  other  rule,  it 
:omes  out  only  159. 

Cor.  If  the  fruftum  of  a  hyperboloid  was  required, 
t  may  be  meafured  as  the  fruftum  of  a  cone.  For 
n  mofi  cafes  it  differs  fo  little  from  it,  that  the  one 
nay  be  taken  for  the  other y  there  being  no  fenfible 
lifference. 

S    C    H    O    L. 

If  both  the  tranfverfe  and  conjugate  axes  of  the 
lyperboloid  were  given  j  the  folidity  may  be  found 
>y  the  very  fame  rule,  as  for  that  of  the  fegment 
>f  a  fpheroid,  in  Prob.  18  i  which  is  Rule  1. 

PROB. 
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Fig. 
59-  P  R  O  B.     XXV. 

To  find  the  f olid  content  of  a  circular  fpindle  ABD 
or  its  fruftum  \  which  is  a  f olid  generated' by  the  f eg- 
ment  of  a  circle^  revolving  about  the  bafe  CD. 

RULE. 

Let  D  zz  diameter  of  the  circle  AF  ;  d  zs  MG, 
the  top  diameter  of  the  fruftum  •,  x  zz  height  PC  ♦, 
A  zz  arch  AM ;  b  zz  BF,  the  difference  between 
the  diameter  AF  and  bafe  AB. 

Then  x  x  DD  —  ±xx  +bx  dx  -J- DA  :  X  .7854, 
is  the  folid  content ;  according  as  AB  is  lefler  or 
greater  than  AF.     That  is, 

From  the  fquare  of  the  diameter  of  the  circle, 
fubtrad  J  the  fquare  of  the  fruftum's  height  •,  which 
multiply  by  the  height,  and  referve  the  product. 

Then  multiply  the  top  diameter  by  the  height -, 
alfo  multiply  the  diameter  of  the  circle,  by  the 
arch ;  and  add  it  to  the  former ;  and  multiply  the 
fum,  by  the  difference  between  the  diameter  and 
bafe  •,  fubtra<5t  this  product  from  the  firfl  product, 
when  the  bafe  of  the  fruftum  is  lefs  than  the 
diameter  of  the  circle  ;  or  add  it,  when  greater ; 
and  multiply  the  refult  by  .7854. 

When  the  whole  fpindle  is  required,  the  part  dx 
is  nothing. 

And  the  part  MDG  may  be  found,  by  fubtracT:- 
inp  AMGB  from  the  whole. 


Exampl 
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it      L  Fig' 

Examp.  59. 

Ltf  the  diameter  AF  fo  20,   AB  13,  MG  10} 

P5-26'> 
From  the  radius  and  height  CP  being  givea,  the 

ngth  of  MA  will  be  found  5.54  =z  A. 
>  zz  20     x  zz  5.26        27.667  400 

20  5-26    i>  9-222  36-89 


400          3156 
—         1052 

36.889 

1 

=  5-54 
=     20 

363.11 
6-26 

2630 
27.6676 

#  =  5.26,         A  : 
dzz      10         D 

^1555 
7262 

2178 
Prod.  1909.95 

1909.9 
1 143.8 

52.6 

110.8 

52.6 

766.1 
.7854 

BF  = 

163.4 
zbzz7 

53627 
6129 

383 
30 

1143,8 

Content, 

601.69 

S    C    H    O    L. 

If  you  defire  to  know  the  furface'  of  this  folid. 

It  is  Dx  ~+  b  A  x  3-1416  zz  furface  of  the  fruf- 
tum  AMGB,  according  as  AB  is  lefTer  or  greater 
than  AF. 

PROB, 
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Fig. 
60.  PROB,    XXVI. 

To  find  the  folidity  of  any  body  CH,  generated  hy 

revolving  about  an  axis. 

1.    RULE. 

Tal^e  the  diameters  of  the  body,  at  both  ends, 
and  in  the  middle  of  the  height,  as  at  A,  B  and  I ; 
and  let  them  be  CD,  GH  and  EF.     Then 
CD*  +  GH*  +  4EF»  x  kngth  AB  ^  7854^  .s  ^ 

folid  content. 

2.    Or  thus. 

Find  the  area  of  the  Section,  at  the  top,  bottom, 
and  middle,  which  let  be  A,  B,  and  I.     Then 

i — Z i-i-  X  AB  the  length,  is  the  content, 

6  & 

If  the  body  be  long,  divide  it  into  two  or  more 
parts,  and  meafure  each  part  by  the  foregoing 
rules  ,.  and  the  fum  of  them  gives  the  folid  con- 
tent. 

3.   Otherwife. 

6i,  If  the  body  be  fuch  as  you  can  fee  it  on  all  fides, 
and  at  any  diftance  ;  cut  a  paper,  as  agbh,  into  the 
apparent  form  of  the  body ;  and  holding  it  di- 
rectly between  your  eye  and  the  body  AGH ;  clip 
away  any  fuperfluous  parts,  from  the  fides  of  the 
paper,  till  it  juft  cover  the  body,  and  their  edges 
coincide.  Then  if  the  bafe  or  height  GH  or  AB, 
be  meafured,  and  the  bafe  or  height  gh  or  ab  of 
your  paper  be  made  the  fame,  by  a  proper  fcale  ; 
then  you  may  find  as  many  diameters,  on  your 
paper,  as  you  will,  by  the  fame  fcale.  Prom 
whence,  by  the  former  rules,  you  may  find  the  fo- 
lidity of  the  body  generated  by  your  paper  fcheme, 
which  will  be  the  fame  as  that  of  the  great  body ; 

as 
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as  they  are  fimilar  folids.     And  thus  fuch  a  body  Fig. 
is  a  hay  Hack  may  be  meafured.  60* 

6-1, 

Ex  amp. 

Suppofe  the  diameters  CD,  EF,  and  GH,  be  found 
to  be  12,  24  and  30,  and  height  AB  32. 

12  24         30  576  .7854 

12  24         30  4  630 


144 

96 

900 

2304 

235620 

48 

**" *""' 

900 
576 

47124 

576 



494.8020 



6)37So 

620 

4948 
32 

9896 
14844 

1  .6    content. 

P  R  O  B.     XXVIII. 

To  find  the  content  of  a  very  irregular  body. 

1.    R  U  L  E. 

Procure  a  priimatic  or  cylindric  vefTel  that  will 
told  the  body.  Put  in  the  body,  and  pour  in  wa- 
er  to  cover  it  •,  make  a  mark  at  top  of  the  water, 
nd  then  take  out  the  body  ;  and  obferve  how  far 
he  water  -  ended  •,  rneafure  that  fpace  of  the 

efTel  corn  Ip  »ndent  to  that  defcept;  and  you  have 
he  folidity  of  the  body.  If  the  vefTel  will  not  hold 
/ater,  you  may  ule  land  inftcad  of  water. 

I  And 


l3o  M  E  A  S  U  R  I  N  G,    &c. 

pig.  And  thus  a  fragment  or  parcel  of  a  body  may  be 
meafured  without  dividing  it  from  the  whole  ;  and 
that  by  immerfing  only  the  fragment,  and  taking 
it  out  again,  meafure  the  defcent  of  the  water,  as 
before. 

Or  if  your  verTel  be  irregular,  fill  it  with  water, 
then  put  in  your  body  •,  and  weigh  the  water  that 
runs  over.  Whence  the  content  of  the  water,  or 
of  the  body,  will  be  found,  by  the  tables  of  fpe- 
cirlc  gravity  before  given. 

2.  Otherwife. 

Find  what  a  cubic  inch  or  a  cubic  foot  of  the 
fame  matter  weighs,  either  by  trials,  or  from  the 
tables  of  fpecific  gravity.  Then*  weigh  the  irregu- 
lar body,  and  its  content  will  be  known,  becaufe 
the  folidities  are  as  the  weights.  For  if  you  divide 
the  weight  of  the  body  by  the  weight  of  an  inch 
or  foot,  the  quotient  will  be  the  folidity  in  inches 
or  feet. 
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PART     V. 

GAUGING. 


GAUGING  is  a  branch  of  meafuring  folids, 
and  teaches  how  to  find  the  contents  of  ail 
forts  of  velTels,  in  gallons,  or  fome  meafure  of  ca- 
pacity. And  this  differs  from  other  kinds  of  mea- 
furing, where  the  meafures  may  be  taken,  and  con- 
tents given  in  feet,  yards,  &c.  But  here  the  mea- 
fures are  always  taken  in  inches,  or  at  lead  mufb 
be  reduced  to  inches,  and  the  contents  given  in  gaU 
Ions  ;  for  which  purpofe,  certain  fixt  numbers  are 
made  ufe  of  to  facilitate  the  computation,  as  will 
be  (hewn  afterwards.  But  in  the  gauging  of  malt, 
the  content  muft  be  had  in  bufnels. 

And  in  finding  the  areas  of  all  plane  furfaces  in 
gauging,  their  contents  are  alfo  expreifed  in  gallons ; 
becaufe  in  the  bufinefs  of  gauging,  every  area  or 
furface  is  fuppofed  to  be  one  inch  deep  ;  and  there- 
fore in  the  Ganger's  language,  the  area  of  fuch  a 
fquare,  or  fuch  a  circle,  is  lb  many  gallons.  For 
there  will  be  the  fame  number  of  fuperficial  inches 
in  any  plane  figure,  as  there  will  be  lolid  inches  oP 
one  inch  depth  ;  lb  that  what  is  called  a  furface  in 
gauging,  is  in  reality  a  folid,  vvhofe  height  is  one 
inch. 

As  the  Hiding  rule  is  of  great  fervice  in  the  art 
of  gauging,  and  vei  y  much  ufed  -,  I  fhall  here  de- 
fcribe  the  principal  parts  of  it,  as  it  diners  from 
the  other  fort,  defcribed  in  the  fecond  Part. 

I    2  Of 


Fig. 


132  G     A     U     G     I     N     G. 

Fig. 

Of  the  Sliding  Rule. 

The  Ganger's  Sliding  Rule  differs  in  many  things 
from  that  before  defcribed,  called  Cogfhal's  Sliding 
Rule.  Upon  this  rule  there  are  alfo  three  double 
lines  of  numbers,  called  A,  B,  C  j  and  a  fingle 
line  called  D  \  this  line  is  marked  from  the  begin- 
ning i,  2,  3,  &c.  to  10  at  the  end.  And  there 
is  alio  a  triple  line  of  numbers  called  E,  for  ex- 
tracting the  cube  root,  &c.  All  thefe  lines  begin 
and  end  together.  They  work  by  the  means  of 
three  Aiders,  moving  in  three  faces  of  the  rule. 
And  thefe  lines  are  logarithmic  lines,  fince  they  all 
anfwer  to  multiplication  and  divifion.  Each  part 
of  the  line  E  is  a  third  part  of  the  correfpondent 
diftance  on  D. 

There  is  a  line  marked  MD,  {malt  depth),  the 
fame  with  A  or  B,  but  inverted  \  it  begins  at  2  1.5, 
and  ends  at  2.15.  This  line  is  alfo  logarithmical.- 
Its  ufe  is  for  gauging  malt.  Here  21 50.4  on  MD 
is  oppofite  to  1  on  B ;  and  1  on  MD  is  oppofite  to 
2150.4  on  B  or  A,  at  a  point  marked  MB. 

On  the  other  fide,  by  the  line  of  inches,  are  3 
varieties  of  cafks ;  the  ufe  of  thefe,  is  to  find  a 
mean  diameter,  to  reduce  the  cafk  to  a  cylinder. 
The  practice  is  thus ;  take  the  difference  of  the  head 
and  bung  diameters,  and  find  it  in  the  fcale  of 
inches,  and  againfl  it  (in  the  proper  variety)  you 
will  have  a  number,  to  be  added  to  the  head  dia- 
meter, for  the  mean  diameter. 

On  the  iniide  of  the  fiiders  are  placed  two  lines., 
one  numbered  from  13  to  16,  the  other  from  .42 
to  3.61  gallons ;  and  ferves  to  fhew  the  area  in  ale 
gallons,  for  any  diameter.  The  ufe  is  this  ;  one 
Aider  is  to  be  pinned  fait  at  the  end  towards  the 
right  hand  •,  and  the  other  Aider  is  drawn  out,  till 
the  two  ends  touch  the  oppofue  fides  of  the  tub  ; 

then 
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then   the   divifions,  cut  by  the  end  of  the  rule,  Fig. 
fhew  the  diameter  on  one  line  ;  and  the  area  in  gal- 
lons  on  the  other.     When  tl\e  diameter  is  more 
than  247,  draw  out  the  other  Aider,  which  will  fhew 
the  like. 

On  another  fide  of  the  rule  is  a  Aider,  with  a 
line  of  numbers  C,  like  A  and  B,  againft  which 
are  two  lines  SL  (fegments  lying),  and  SS  (fegments 
fianding)  -,  thefe  are  for  finding  the  ullage  of  a  calk 
in  ale.  The  ufe  of  thefe  lines  is  this.  Find  the 
bung  diameter  when  the  caft  lies,  or  the  length 
when  it  (lands.     Then 

Set  the  bung  diameter  on  C,  to  100  on  SL  for 
a  lying  cafk  ;  or  let  the  length  on  C,  to  too  on  SS 
for  a  (landing  cafk  ;  and  againft  the  wet  inches  on 

C,  is  a  fegment  on  SL,  or  SS. 

Then  let  100  on  A,  to  the  cafks  content  on  B ; 
and  againft  that  (egmenton  A,  is  the  ullage  (or  li- 
quor in  the  cafk)  on  B. 

On  the  line  D,  are  feveral  marks,  which  fhew 
the  gauge  points  -,  as  WG  (wine  gallons),  AG  (ale 
gallons),  MS  (malt  fqaare),  MR  (malt  round).  What 
thefe  are,  and  where  to  be  placed,  will  be  fhewn  in 
the  firft  Prob. 

On  the  plane  fide  of  the  rule,  there  are  feveral 
lines,  as  one  marked  FM  (foot  meafure),  where  a 
foot  is  divided  into  100  parts.  And  another  mark- 
ed 1M  (inch  meafure)  being  a  fcale  of  inches.  And 
another  marked  FC  (fruftum  of  a  cone),  which  ferves 
to  meafure  its  content. 

To  exlracl  the  cube  root  by  the  rule.     Set  the  lines 

D,  E,  even  •,  that  is,  1  againft  1  •,  then  againft  the 
given  number  on  K,  is  the  cube  root  on  D. 

There  is  a  line  on  the  gauging  rod,  called  the  dia- 
gonal line,  for  finding  the  content  of  a  calk  •,  which 
is  thus.  Put  the  rod  ipto  the  bung  hole,  to  either 
oppofite  angle  •,  and  mark  the  number  at  the  middle 
of  the  bung  hole,  for  that  is  the  content  of  the  cafk. 
I  3  V  U.OB. 
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Fig. 
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Fofind  proper  multipliers ,  divifors,  and  gauge  points. 

i.  For  fquare  figures. 

Since  282  inches  make  an  ale  gallon,  231  inches 
a  wine  gallon,  and  2150.4  inches  a  malt  bufhel, 
therefore  when  the  content  of  any  figure  or  vefTel 
is  had  in  inches;  282,  231,  and  2150,4  will  be 
the  divifors,  for  reducing  it  to  ale  gallons ',  wine  gaU 
lons^  or  malt  bujhels  reflectively. 

But  if  inftead  of  thefe  divifors,  you  would  chufc 
to  have  multipliers  ;  then  thefe  will  be  had  by  di- 
viding 1  with  a  number  of  cyphers,  by  282,  231, 
and  2150.4  refpectively.     Thus 

2  82  )i.ocoooo(. 0035461  for  ale  gallons. 

23 1  )i.ooooo(. 0043289  for  wine  gallons, 

2i50.4)i.ooooo(.ooo465i  for  malt  bujhels. 

The  gauge  points  for  fquare  figures  are  no  more 
than  the  fquare  roots  of  282,  231,  and  2150.4; 
which  gauge  points  are  therefore  the  fide  of  a  fquare, 
whofe  area  is  a  gallon  or  bufhel. 

s/^%r2.  zz  16.79  ale  gallon. 

v/231  ==  I5*I9  wine  gallon. 

y/2 150.4  =  40.37,  PVinchefter  bufhel. 

For  the  fecond  gauge  points  for  fquares,  multi- 
ply (or  dividej  the  former  gauge  points  by  the 
fquare  root  of  10,  or  3.162,  or  thus, 

y/iZio  ~  53,10  fecond  GP  for  ale. 

y/2310  zz  48.06  fecond  GP  for  wine. 

v/215.04  zz  14.66  fecond  GP  for  malt  bufhels. 
All  gauge  points  are  the  firft  terms  of  any  propor- 
tion upon  the  lines  D  and  C  ;    and  thefe  fecond 
gauge  points  ferve,    when  the  terms  run  off  the 
lines. 

For  the  numbers  on  D,  being  as  the  fquare  roots 
of  thofe  on  C ;  the  variation  of  10  on  C,  will  caufe 

a  vari- 
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a  variation  of  the  gauge  point  on  D,  equal  to  the  Fig, 
fquare  root  of  10.     And  there  mull  be  fuch  a  va- 
riation on  C,  to  bring  any  number  upon  another 
radius. 

2.  For  circular  figures. 
Since  .7854,  multiplied  by  the  fquare  of  the  di- 
ameter, is  the  area  of  a  circle  in  inches ;  this  divi- 
ded by  282,  231,  or  2150.4,  will  give  the  content 
in  ale  gallons,  wine  gallons,  or  malt  bufhels.  That  is 

iZ^if,  or  iZMi,  or  ^854  ,  mull  be  multiplied 

282  231  2150.4 

into  the  fquares  of  the  diameters.     Whence  the  di- 
vifors  will  be  found  by  dividing  by  .7854, 

•  7854)  282  (359*05  for  ale  gallons. 

. 78 54 )  231  (294.12  for  wine  gallons. 

.7854-)  2150.4  ("2738  for  malt  bufhels. 

Then  the  fquare  of  the  diameter,  being  divided 
by  any  of  thefe,  gives  the  circle's  area. 

But  to  find  the  multipliers ;  thefe  are  had  by  di- 
viding.7854by  282,  231,  and  2150.4  refpedtively. 

282J  .7854  (.002785  for  ale  gallons. 

23 1 )  .y8$4-  O0034  for  wine  gallons. 

2150.4)  .7854  f.000365  for  bufhels. 

The  gauge  points  for  circles,  are  the  diameters 
of  fuch  circles  as  contain  fome  known  meafure,  as 
a  gallon  •,  as  if  d  be  the  diameter,  then  .7854^  zz 

282  for  ale  ;  whence  d  zz    /i-L.    for  ale,  and  fo 

V  -7854 
of  the  reft.     Or  thus, 

•n/359-°5  =  18.95  the  GP  for  ale. 

v/294- 12  zz  17.14  the  GP  for  wine. 

v/2738      =:  52.32  the  GP  for  bufiels. 

The  fecond  gauge  points  are  found  by  multiply- 
ing for  dividing)  the  former  by  y/To  or  3.162  -, 
or  thus, 

s/359°  5  =  59-92  for  ale  gallons. 
v/2941.2  —  54.22  for  wine  gallons. 
v/273.8  zz  16.54./$;-  bufhels. 

I  4  Sciiol. 
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Fig. 

S  C  H  O  L. 

The  fecond  gauge  points  may  alfo  be  found  by 
the  rule,  thus.  Set  i  upon  C,  to  the  firft  gauge 
point  upon  D  ;  then  againft  10  on  C,  is  the  fecond 
gauge  point  required  ;  or  elfe  againft  ^~  upon  C, 
is  TV  the  gauge  point,  which  multiply  by  io. 

Etfamp. 
Let  the  firft  gauge  point  be  18.95.     Set  1  upon 
C,  to  18.95  on  D;  and  againft  TV  on  C,  *s  5-99 
on  D,  which  multiply  by  10,  gives  59.9  the  fecond 
gauge  point. 

P  R  O  B.     II. 

To  find  the  area  of  a  [quart* 

RULE. 
,x6\      Multiply  the  fide  AB  or  AD  in  inches,  by  itfelf ; 
and  divide  the  product  by  the  proper  divifor,  fin 
Prob.  L)  j  or  multiply  it  by  the  proper  multiplier. 


Let  the  fide 
area  in  ale. 
42 
42 

84 
?68 

2S2J  1764c 

Ex  amp. 
of  the  fquare  be  , 

6.25  ale 
gallons. 

ale 

4.2  ina 

gall. 

bes  •,  to  find  the 

or  thus, 
.003546 
1764 

3546 

2482 

212 

14 

6.254 

By 
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By  the  Sliding  Rule.  *f 

Set  282  upon  A  to  42  upon  B  -,  then  againft  42 
on  A  is  6.25  on  B. 

P  R  O  B.     III. 

Tojind  the  area  of  any  Parallelogram, 

RULE. 

Multiply  the  length  by  the  breadth;  and  divide  i£# 
the  product  by  the  proper  divifor  (Prob.  1.)  or  mul- 
tiply it  by  the  proper  multiplier. 

Examp* 

There  is  an  oblong  whofe  length  AB  is  48,  and 
hreadth  AE  32  ;  to  find  the  area  in  wine. 

48  or  thusy 

32  -004329 

1536 

96  ■ 

H4  4329 
2 1 64 

23  0  l536(6-6S  wine  *3° 

gallons.  26 

wine  gall.         6.649 


By  the  Rule. 
Set  23 1  on  A  to  the  length  48  on  B  ;  and  againft 
the  breadth  32  on  A,  is  6.65  the  area  on  B. 


PROB. 


*3« 

GAUGING. 

Fig. 

P  R  O  B.    IV. 

To  find  the  area  of  a  Triangle,  ACB 

RULE. 

I4.:  Multiply  the  bafe  by  half  the  perpendicular,  and 
divide  by  the  proper  divifor  (Prob.  I.),  or  multiply 
by  the  proper  multiplier. 

Examp. 

Let  the  bafe  AB  be   154,    the  perpendicular  CD 
46.2  j  to  find  the  area  in  bufhels. 

-    154  or  thus. 

23-1  3557-4 
.000465 i 

154  

462  142296 

308  21344 


' *779 

2150.4)3557.4(1.65  35 

21504   bufhels.  • 

bufhels     1.65454 

14070  • *— 

By  the  Rule. 

Set  2 1 50  on  A  to  the  bafe  1 54  on  B  ->  and  againft 
23.1  an  A  is  the  content  1.65  on  B. 

PROB.     V. 

To  find  the  area  of  a  Trapezium  ABCD. 

RULE. 

19.  Draw  the  diagonal  AC,  and  the  two  perpen- 
diculars upon  it,  BE,  Dr.  Then  multiply  the  di- 
agonal by  half  the  fum  of  the  perpendiculars,  and 
divide  by  the  proper  divifor  (Prob.  I.},  or  multi- 
ply by  the  correfpondent  multiplier.  Ex. 
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Fig, 

Ex  amp.  !o# 

Supfofe  the  diagonal  AC  28,  and  theperp.  BE  13, 
and  DF  24.     To  find  the  area  in  ale  gallons. 

13  28  cr  thus, 

24  18.5  .003546 


2)37  140  — ~ 

18.5  224  17730 

— 28  354 


282)  518.0(1.84  ale 


283 


gallons.        1.8367 


By  the  Rule. 

Set  282  on  A  to  28  on  B;  and  againft  18.5  on 
A,  is  the  content  1.84  on  B. 

Cor.  Hence  the  area  of  any  irregular  poligon  will 
be  founds  by  dividing  it  into  trapeziums  or  triangles , 
and  meafuring  each  of  them  feparatelyy  and  taking  the 
fum  of  them  all. 

And  a  regular  poligon  may  be  meafured  as  a  trian- 
gle^ taking  the  circumference  of  it  for  the  bafe  \  and 
the  di fiance  of  the  center  from  any  fide ',  for  the  per- 
pendicular* 

P  R  O  B.     VI. 

To  find  the  area  of  a  Circle. 

RULE. 

Square  the  diameter,  and  divide  it  by  its  proper  2o> 
divifor  (Prob.  I.),    or  multiply   by  the  correfpon- 
dcnt  multiplier. 


23' 
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Fig.  - 

y  °  Examp. 

If  the  diameter  AC  of  a  circle  be  547  inches ; 
w£*z/  is  the  area  in  wine  gallons  ? 

54-5  or  thus. 

54-5  2970.25 

.0034 

2725 

2180  1188100 

2725  891075 


294.12)2970.25(10.10  w.         10.098850 
gallons.       w-  gallons. 

■  i.  By  the  Rule, 
Set  17.14  on  D,  to   1   on  C;  then  againft  547 
the  diameter  on  D,  is  the  area  10.1   on  C. 

As  the  rule  is  thus  fet,  it  will  be  a  table  of  cir- 
cles areas,  in  wine  gallons  ;  for  againft  any  dia- 
meter on  D,  will  be  found  its  area  on  C.  And 
the  like  for  ale  gallons,  ufing  the  proper  gauge 
point. 

2.  Or  thus,  by  the  Rule. 

Set  294  on  A,  to  the  diameter  54^  onB;  and 
againft  54'-  on  A,  is  the  area  10. 1  on  B. 

Ccr.  ''The  feci  or  of  a  circle  is  meafured  as  a  trian- 
gle, taking  the  arch  for  the  bafe>  and  the  radius  for 
the  perpendicular. 

P  R  O  B.     VII. 

To  find  the  area  of  an  Ellipfis,  or  oval  figure. 

RULE. 

Multiply  the  longeft  and  fhorteft  diameters  to- 
gether, and  divide  the  product  by  the  proper  divi- 
ibr  for  circles  (Prob.  I.),  or  multiply  by  the  pro- 
per multiplier. 

Examp. 


E.   V.                 U      A      U      <jt 

1     JN      Lt.                     14! 

Ex  amp. 

If  the  greateft  diameter  be 

what  is  the  area  in  ale  gallons 

Fig, 

23- 
36.3,  /£*  &j/?  26.8  •, 
? 

36  3 
268 

or  thus, 
...  | 

2904 
2178 

972-\-Z 
.002785 

726 

*945 
680 

7S 

359-05)972'%<2'7°9 

ak 

4 
!  gall.  2.707 

JBy  the  Rule. 
Set  359  on  A,  to  36.3  on  B ;  and  againft  26.8 
on  A,  is  2.71  the  content  on  B. 

P  R  O  B.     VIII. 

To  find  the  area  of  the  fegment  of  a  Circle  ADB, 

RULE. 

Let  D  be  the  vertex,  and  DE  perp.  to  AB.  Mul-  24* 
tiply  the  difference  between  the  arch  AD  and  fine 
AE,  by  the  radius  j  alio  multiply  the  fine  AE  by 
the  height  DE  ;  and  divide  the  fum  of  the  pro- 
duces by  the  proper  divifor  for  fquares  (Prob.  I.), 
or  multiply  by  the  proper  multiplier.  This  ferves 
either  for  the  lefTer  or  greater  legment. 

Note,  if  the  diameter  is  not  known,  it  may  be 
found  by  Prob.  XV  III.  Part  II. 


Ex  amp 
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24#  Ex  amp. 

Suppofe  the  radius  CA  31.2,  #<?/£&/  DE  20,  tfni> 

AD  37.55*  half  the  bafe  AE  29.12.  To  find  the 
area  in  ale  gallons. 

37*55               29.12  or  thus. 

29.12  20 

8.43             582.40  .003546 

31.2             263.01.  — — — 

1686      282)845.41(3.00  ale  4227 

843                                gall.  s^S 

2529  50 


263.016  ale  gall.     2.9977 

P  R  O  B.     IX. 

To  find  the  area  of  the  fegment  of  an  Ellipfis, 

RULE. 

62.  Multiply  the  bafe  AB  by  f.  the  height  DF,  and 
referve  the  product.  Then  fuppofing  C  the  center 
of  the  ellipfis,  multiply  the  former  product  by  the 
height  DE,  and  then  divide  by  feven  times  the 
femidiameter  DC,  and  add  the  quotient  to  the  firft 
product.  Then  divide  the  fum  by  the  proper  di- 
vifor  for  fquares,  &c. 


■ 
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Examp.  *& 

Suppofe  AB  30,  DE  2 1 ,  DC  40 ;  to  find  the  area 
of  ADB  in  wine  gallons. 


21 
2 

420                       420 
2*                         3i-5 

3)42(H 
30 

420 

4*0               23 1 )  45 1.5(1  ,g$  wine 
840                                        gall. 

280)8820(31.5 

40 

7 

280 

P  R  O  B.     X. 

tfofind  the  area  of  a  Parabola  or  Hyperbola.  ) 

RULE. 

Multiply  the  bafe  AB,  by  |  the  height  DE  k 
the  parabola,  or  by  ■§-  the  height  in  the  hyperbola  ; 
and  divide  by  the  proper  divifor,  for  fquares,  &c. 

Ex. 

In  a  hyperbola  let  AB  be  400,  DE  280,  to  find 
the  area  in  malt  bufhels. 

280  175 

5  400 

8;  1400(1 75.       2150.4)70000(32.55 

buftiels. 
S  c  h  o  L. 
If  the  area  of  any  irregular  curve  is  required,  it 
muft  be  found  by  the  method  laid  down  in  Prob. 

XIII. 
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Fig.  XIII.  Part  II.  and  then  divided  by  the  proper  di- 
62.  vifor,  or  multiplied  by  the  correipondent  multi- 
plier, for  fquare  figures. 

P  R  O  B.     XI. 

To  find  the  content  of  any  Prifm  CB. 

RULE. 

41.  Find  the  area  of  the  bafe  AB,  by  fome  of  the 

42.  foregoing  Problems,  multiply  that  by  the  perpen- 
dicular height,  and  you  have  the  content. 

Examp. 

There  is  a  prifm  whofe  bafe  contains  5.21  ale  gal- 
lons y  and  the  height  is  20  inches. 

5.21 
20 


104.20  ale  gallons. 

By  the  Rule. 

Set  1  on  A  to  the  bafe  5.21  on  B;  and  againfl 
the  height  20  on  A,  is  104  the  content  on  B. 

Or  when  the  bafe  is  a  fquare. 
Set  the  proper  gauge  point  for  fquares  on  D,  to 
the  height  on  C  ;  then  againfl:  the  fide  of  the  fquare 
on  D,  is  the  content  on  C. 

P  R  O  B.     XII. 

To  find  the  content  of  a  Cylinder. 

R  U  L  E. 

39,       Find   the    area    of  the  bafe  by  Prob.  VI.  and 
multiply  it  by  the  height, 

Examp. 
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Example,    i.  .q, 

The  diameter  of  a  cylinder  is  547,  and  height   14 
nches  \  to  find  the  content  in  wine  gallons. 
The  bafe  contains  10. 1  wine  gallons,  therefor^ 
10. 1 
M 


40. 
101 


141. 4  wine  gallons. 


By  the  Rule. 
Set  17.14  on  D,  to  14  the  height  on  C ;  and  a- 
ainft  the  diameter  547  on  D,  is  the  content  on  C 
41  gallons. 

Ex.  2. 

Let  the  diameter  $f  a  cylinder  be  40  inches^  and  the 
epth  30  ;  to  find  the  content  in  ale  gallons. 

By  Prob.  VI,  the  area  of  the  bafe  is  4.457  gal. 
^herefore, 

4-457 
3° 

133.710  ale  gall. 

By  the  Rule. 

Set  18.94  on  D,  to  the  height  30  on  C  ;  and 
gainft  the  diameter  40  on  D,  youhave  the  content 
34  on  C. 


K  PROB. 
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Fig* 

P  R  O  B.     XIII. 

To  find  the  content  of  a  Pyramid,  ABD. 

RULE. 

44.  Find  the  area  of  the  bafe  by  the  foregoing  Pro- 
blems, and  multiply  it  by  ^  the  height,  gives  the 
content, 

Emm. 

Suppofe  the  area  of  the  bafe  2025  inches,  or  .94^ 
bufhels,  and  height  20  \  to  find  the  content  in  bufh els* 
3)20(6.66  .941 

20 


18.820  Bumels, 


By  the  Rule. 

Set  1  upon  A,  to  the  height  20  upon  B;  and 
againft  the  bale  .94  on  A,  is  the  content  18.8  bum. 
on  B. 

Or  when  the  bafe  is  a  fquare. 

Set  46.37  on  D,  to  the  height  20  on  C;  and  a5 
gainft  the  fide  of  the  bafe  45  on  D,  is  the  content 
18.8  on  C. 

P  R  O  B.     XIV. 

33.      To  find  the  content  of  a  cone,  fphere,  fpheroidy  pa* 
43.  raboloid,  hyper  boloid,  or  parabolic  Spindle. 

%  RULE. 

57'  Find  the  area  of  the  bafe  or  greater!  circle,  b) 
5^«  Prob.  VI.  in  gallons,  &c.  Then  multiply  this  bj 
fuch  a  part  of  the  altitude  as  here  fet  down  •,  foi 
the  cone  7,  for  the  fphere  and  fpheroid  --,  for  th< 
paraboloid  7,  hyperboloid  —.,-,  parabolic  fpindl< 
~T  of  the  height. 

E* 
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Fig. 
&*-  33* 

Suppofe  a  parabolic  conoid,  the  diameter  of  the  bafe&c* 
3,  the  height  26  -,  to  find  the  content  in  ale.  gallons. 
The  area  of  the  bafe  is  2.506  gallons,  then 
2.506 
4  height        13 

75*8 
2506 

32.578   ale  gall. 

By  the  Rule. 
Set.  18.95  on  D,  to  half  the  height  13  on  C* 
id  againft  the  diameter  30  on  D,  is  the  content 
5.5  on  C. 

P  R  O  B.     XV. 

To  find  the  content  of  the  fruftum  of  a  pyramid,  45; 
ne,  fphere,  fpheroid,  prifmoid,  paraboloid,  parabolic  46, 
)indle,  or  circular  Spindle  ;  or  any  fegment  thereof.    51, 

RULE.  &c> 

Compute  the  contents  thereof  in  inches,  by  the 
roblems  in  Part  IV;  and  divide  by  282,  231,  or 
[50.4,  for  ale  gallons,  wine  gallons,  or  malt 
jfhels,  refpeclively. 

But  in  circular  bodies,  it  is  better  to  work  by 
le  diameters,  and  the  hxt  divifors  or  multipliers 
r  circles. 


K  2  Extmp. 
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F45S;  Examp. 

&c.       There  is  a  fruftum  of  a  cone  whofe  height  is  28 

inches,  and  the  diameter  of  the  Iejfer  bafe  is  22  inches* 

cf  the  greater  32  -,  what  is  the  content  in  ale  gallons  ? 

The  area  of  the  lefifer  bafe  is  379.7,  and  of  the 

greater  804.25  \  then  the  mean  area  is  552.6  -,  then 

3797  1736.55 

55**6  97 


£04.25 


i5628g$ 


1736S5  57**5 

282^)16207.80(57.47  ale 
gallons. 

Or  thus. 

«» +  22x3**32;        ,  ±         6  thc  contcnt 

.359 

1 .  fijy  /£*  j£a&. 

Find  a  mean  diameter  between  22  and  32,  which 
will  be  26.5;  then  fet  18.94  on  D,  to  the  height 
28  on  C  •,  and  againfl:  the  mean  diameter  26.5  on 
D,  is  the  content  54.9  on  C.  But  it  will  be  nearer, 
if  you  take  half  the  fum  of  the  diameters  for  the 
mean  diameter. 

2.  Or  rather  thus. 

Set  18.95  on  D,  to  9!  (f  the  height)  on  C. 
and  againfl  22  on  D,  is  the  content  on  C,  12.6 
and  againfl  26.5  on  D,  is  the  content  on  C,  18.3 
and  againfl  32  on  D,  is  the  content  on  C,  26.4 

The  fum  is  the  whole  content  S7-1  8>a^ 


Cor 
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Cor.   If  a  fqtiare  frufium  was  propofed^   then  /foFig- 
areas  of  the  bafes  would  be  two  fquares^  and  the  con-  45> 

tent  is  eaftly  had  thus,  22'  +  22  *  32  +  ^  x  9|&C' 

zz  content. 

That  is,  to  the  fquares  of  the  bafes,  add  their 
product,  and  multiply  the  fum  by  f  the  height, 
which  divide  by  282  for  the  content. 

And  in  working  with  the  rule,  16.79  w^  De  tne 
gauge  point  for  ale. 

PROB,     XVI. 
To  gauge  any  tun  or  J olid  body  what  ever  ^  AD. 

1.     RULE. 

Let  AB  be  the  diameter  at  top,  CD  the  diame-  £0# 
:er  at  bottom,  GH1  the  diameter  in  the  middle  of 

he  depth  EF.     Then  A5L±_^; +_^L  x 

lepth  EF  z=  folid  content ;  and  that  being  divided 
>y  the  proper  divifor  (Prob.  I.),  will  give  the  con- 
ent  in  gallons. 

If  the  veffel  or  tun  be  high,  divide  it  into  two 
>r  more  parts,  and  find  a  middle  diameter  for  each 
iart,  and  compute  them  feparately  by  this  rule  ; 
nd  the  fum  of  all  is  the  content. 

2.  Or  thus. 
Begin  at  the  bottom  of  the  tun  CD,  and  divide  Qa 
le  altitude  FE  in  parts  of  10  inches  each  ;  and  in 
le  middle  of  every  ten  inches,  take  the  meafures 
f  the  diameters  OO,  LL,  II,  HH-,  and  from 
lence  find  all  the  areas  in  gallons,  at  thele  places ; 
len  the  fum  of  all  thele  areas,  multiplied  by  10, 
ill  give  the  content. 

K  7  If 
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Fig.      If  any  odd  inches  to  fpare  at  the  top,  then  find 
64.  likewife  the  area  at  top,  and  multiply  it  by  thefe 
odd  inches,  to  be  added  to  the  former. 

If  the  feetions  of  the  tun  are  not  circular  *,  then 
you  muft  take  crofs  diameters  ;  and  take  half  the 
fum,  for  the  mean  •,  or  when  the  difference  is  great, 
multiply  them  together,  and  the  product  is  the 
fquare  of  a  mean  diameter,  to  be  made  ufe  of. 

Ex  amp.    1. 

63.  Suppofe  the  height  of  the  tun  EF,  to  be  40  inches ; 
diameter  AB  24,  CD  52,  and  the  middle  diameter 
Gl  48  j  to  find  the  content  in  ale  gallons, 

24         5* 
24         52 


96       104 
48       260 


576     2704 


499840 


92 


6 


6)499840(83306.66 

359-°5)833°6-66(232'°2  gall. 


Ex 
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Examp.  2.  ^ig. 

Let  EF  be  40,  CD  24,  AB  52  •,  and  the  diame-  6+* 
ttrs  taken  at  10  inches  diftance^  OO  30,  LL  46,  II 
50,  HH  51  ;  to  find  the  ale  gallons  in  it. 


30 

46 

50 

5l 

900 

33 

46 

50 

5i 

2116 









2500 

900 

276 

2500 

51 

2601 

184 



155 



2 1 1 6  2  60 1 


359J3ii7(22.6i 
10 


226.1  gallons. 


Cor.  1 .  If  it  be  a  copper  you  are  gauging^  you  mufl 
gauge  the  crown  CTD,  and  fubtratl  it  from  the  for* 
mer  content. 

To  do  this,  obferve,  when  the  copper  is  empty, 
the  fhape  of  the  crown.  If  it  be  more  curve  at 
top  than  towards  the  bottom,  meafure  it  as  a  pa- 
raboloid; and  its  content  will  be  had  by  multiply- 
ing the  bafe  CD  by  half  the  height  FT. 

If  it  have  equal  curvature  at  top  and  bottom, 
meafure  it  as  the  fegment  of  a  fphere,  or  take  X9T 
of  the  bafe,  multiplied  by  the  height,  for  the 
content. 

The  like  operations  may  be  performed  in  gaug- 
ing a  ftill. 

To  find  the  diameter  and  height  of  the  crown 
CD,  FT  ;  lay  a  flreight  ruler  AB  over  the  top, 
and  put  down  another  NC  into  the  hollow  at  C, 
and  move  it  till  it  is  perpendicular  as  at  N.  Then 
meafure  AN,  and  NC  ;    in  like  manner  put  down 

K  4  the 
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Fig.  the  rule  at  D,  and  find  its  diftance  from  B,  when 

64.  plumb.  Thefe  two  diftances  from  the  fides  A  and 
B,  added  together,  and  fubtradted  from  AB,  gives 

CD.  Likewife  put  down  a  rule  from  E  to  T,  and 
meafure  ET,  which  being  lubtra&ed  from  NC, 
gives  TF. 

When  the  copper  is  empty,  if  you  meafure  as 
much  liquor  into  it,  as  will  juft  cover  the  crown, 
and  note  it  down  ;  then  you  need  not  afterward 
trouble  yourfelf  about  the  crown,  but  meafure  any 
part  above  OTO. 

65.  Cor.  2.  When  any  tun  or  veffel  /lands  not  lever,  the 
quantity  of  liquor  CDE,  which  will  juft  cover  the  bot- 
tom, muft  be  computed  fepar  at  elyy  and  is  called  the  drip 
or  fall  of  the  tun. 

Since  the  depth  of  the  part,  at  D  is  but  fmall, 
it  may  be  reckoned  the  hoof  of  a  conic  fruftum  •, 
and  lb  may  be  meafured  by  Prob.  VIII.  Part  IV. 
.But  an  eafier  way  will  be  to  meafure  into  the  veffel 
when  empty,  fo  much  liquor  as  will  rife  to  the  an- 
gle C,  or  the  line  CE  ;  and  note  down  the  quan- 
tity.    Alio  at  the  fame  time  you  will  find  the  level 

CE,  which  you  may  mark.  Alfo  you  will  find  the 
depth  at  D,  which  likewife  fet  down,  which  will 
be  of  future  fcrvice.  For  at  any  time,  by  fetting 
a  rod  upright  at  D,  you  may  know  how  deep  the 
liquor  is  above  the  level  CE. 

The  quantity  of  the  liquor  CDE  will  be  nearly 
equal  to  half  the  bafe  CD  x  height  BE,  if  DE  be 
perp.  to  CD. 

Cor.  3.  If  ABCD  be  a  cooler ,  you  muft  find  the 
true  p.'ace  of  the  dip,  in  order  to  get  the  depth  of  the 
liquor  at  any  time. 

To  do  this,  take  ten  dips  in  different  places  of 
fhe  cooler,  when  there  is  but  little  liquor  in  it  •,  di- 
vide the  fum  of  them  by  ten  for  the  mean  depth. 
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If  this  is  not  exact  enough,  take  ten  more,  for  ano-Fig, 
ther  mean  depth  ;  then  half  the  fum  may  be  taken  65. 
for  the  exact  mean  depth.    Having  the  mean  depth, 
find  out  a  place  on  the  fide,  and  mark  it,  where  the 
depth  is  juft  fo  much,    and  that  will  be  the  dip- 
ping place  required. 

Scholium. 

For  taking  the  dimenfions  of  any  vefTel ;  by  help 
of  the  Aiding  rule,  take  crofs  diameters  at  the  widen: 
and  flraiteft  places  ;  and  if  they  differ,  take  a  mean 
between  them  ;  and  that  is  the  diameter  in  that 
place.  This  muft  be  done  at  top,  and  bottom,  and 
as  many  places  as  are  necefTary,  if  the  tun  be  irre- 
gular. Set  the  rule  to  the  mean  diameter,  and  find 
where  that  diameter  agrees  with  the  tun  at  that 
depth.  From  thefe  points,  at  the  ends  of  the  rule, 
draw  chalk  lines  up  and  down.  On  thefe  you  may 
fet  any  altitude,  and  draw  crofs  lines,  through  the 
points  of  divifion. 

In  inching  any  tun,  a  chalk  line  is  to  be  drawn 
through  the  place  of  the  mean  diameter,  up  and 
down ;  upon  this  every  inch  muft;  be  fet,  from  the 
top  or  bottom.  If  the  fide  of  the  tun  is  not  per- 
pendicular, allowance  muft  be  made  in  the  inch- 


in 


When  the  top  of  a  vat  is  covered  with  yeafl ; 
tye  a  cork  (loaded  with  lead)  to  a  firing,  and  let  it 
down  thro'  the  yeafl,  to  fwim  upon  the  liquor.  Then 
put  down  a  rod  to  the  bottom,  clofe  to  it  -,  and 
taking  them  out  together,  you  will  fee  where  the 
top  of  the  cork  touches  the  rod,  for  that  place 
(hews  the  depth. 
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Fig. 

€6.  PRO  B.    XVII. 

Tv  inch  any  Ton  or  VeJfeL 

The  inching  of  a  tun  or  vefTel,  is  finding  how 
much  liquor  it  will  hold  at  every  inch  of  ks  depth. 
In  order  to  this,  take  this, 

i.    RULE; 

Divide  the  tun  into  feveral  parts  or  fruftums, 
each  of  ten  inches  deep  -,  and  find  the  content  of 
every  fruftum,  by  taking  diameters  in  the  middle 
of  them,  as  was  fhewn  in  the  laft  Prob.  And 
make  a  fmall  table,  mewing  the  mean  diameter, 
the  area,  and  the  content  of  each  fruftum  j  and  the 
total  fum,  or  content  of  the  tun. 

Then  by  help  of  this,  make  another  table,  fet- 
ting  down  the  depth  at  top,  againft  the  content  % 
and  fet  down  the  depth  of  the  liquor  inch  by  inch, 
decreafing  from  the  whole  depth  to  o  ;  againft  each 
of  which  the  correfponding  area  is  to  be  placed, 
which  is  found  thus. 

Take  the  area  for  the  mean  diameter  of  the  top 
fruftum,  and  write  it  on  a  fcrip  of  paper,  and  fub- 
tracl:  it  from  the  whole  content,  and  fet  down  the 
remainder,  and  then  fubtract  it  from  that  remain- 
der, and  fet  down  the  next  remainder,  and  fo  on  ; 
continuing  to  fubtract  as  oft  as  there  are  inches  in 
the  top  fruftum  ;  fetting  them  down  againft  their 
refpective  depths. 

Then  take  the  next  mean  area,  and  fubtracl  con- 
tinually as  before,  till  the  next  fruftum  be  done. 
And  the  like  for  all  the  fruftums.  And  at  laft  there 
will  remain  o,  if  the  work  be  right. 
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Ex  amp.  g^ 

Suppofe  ABDC  is  a  tun  to  be  inched,  whofe  height 
is  23  inches,  the  diameter  CD  24,  OO  30,  LL  46, 
AB  48  ;  to  find  what  ale  gallons  it  holds  at  every 
inch. 

Here  the  diameter  OO  is  in  the  middle  of  the 
lowed  10  inches,  LL  in  the  middle  of  the  next  10 
inches,  &c.  Then  proceeding  by  the  former  di- 
rections, and  the  laft  Prob.  we  have, 


Diameters. 

Areas. 

Content. 

AB 

48 

6.417   X     3 

19.251 

LL 

46 

5.893  X    10 

58.93 

OO 

3° 

2.506  X   10 

25.06 

CD 

24 

— _ — . 

Cont. 

103.24 

Dep. 

Content. 

Dep. 

Content. 

23 

103.24 

10 

25.059 

22 

96.823 

9 

22.553 

21 

90.406 

8 

20.047 

20 

83.989 

7 
6 

17-54' 

I5-035 

l9 

78.096 

5 

12.529 

18 

72.203 

4 

10.023 

17 

66.310 

3 

7-5^7 

16 

60.417 

2 

5.011 

15 

54.524 

1 

2.505 

14 
13 

48.631 
42738 

0 

0.000 

12 

36.845 

11 

3°-952 

10 

25-059 

1 

In 
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Fig.  In  this  latter  table,  the  mean  area  at  top  6.417, 
66.  is  fubtracted  continually  from  103.24  for  3  terms. 
And  then  the  mean  area  5.893  is  fubtra&ed  conti- 
nually from  83.989  for  10  terms;  and  laftly,  the 
mean  area  2.506  is  fubtracted  continually  from 
25.059,  for  ten  terms,  and  at  laft  o  remains. 

Then  to  find  how  much  liquor  there  is  in  the 
cafk  at  any  time  ;  you  come  to  the  cafk  or  tun, 
and  take  the  depth  of  the  liquor,  fuppofe  15 
inches  •,  look  for  it  on  the  fide  of  the  table,  and  a- 
gainft  it  is  54.524  gal.  and  fo  much  liquor  there  is 
in  the  tun. 

If  the  tun  be  very  crooked,  you  muft  take  a  di- 
ameter in  the  middle  of  every  6  inches.  And  if 
there  be  a  crown  or  fall  in  it,  remember  to  make 
allowance  for  it. 

2.  Otherwife  thus. 

Make  a  table  with  the  depth  in  inches  on  the 
fide,  as  before,  and  the  diameters  againfl  them  in 
the  fecond  column  ;  which  are  found  thus. 

Divide  the  difference  of  the  diameters  in  any 
fruftum,  by  the  number  of  inches  in  the  fruftum's 
height,  commonly  ten  ;  and  fubtract  the  quotient 
continually  from  the  greater!  diameter,  or  add  it 
to  the  lead,  as  oft  as  there  are  terms  in  the  fruftum  ; 
and  you  will  get  all  the  diameters  in  the  fruftum 
for  every  inch.     Do  the  fame  with  every  fruftum. 
Then  putting  them  down,  in  the  fecond  column; 
place  their  areas  againft  them  in  the  third  column  ; 
which  areas  are  moft  eafily  got  from  a  table  of  a- 
reas.     Then  add  up  thefe  areas  one  by  one,  begin- 
ning at  theloweft,  and  place  them  in  a  4th  column, 
which  will  then  fhew  the  liquor  in  the  cafk  at  any 
depth. 


Diamc 
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Diameters. 

AB     48 
LL     46 
OO    30 
CD    24 

differences. 

2-18 

16  —  10 

6r    5 

ad.  num. 

0.25 

1.6 

1.2 

Dep. 

Diameters. 

Areas. 

Content. 

23 

48. 

6.417 

103.249 

22 

47-75 

6.350 

96.832 

21 

47-5 

6.284 

90.482 

20 

47-25 

6.218 

84.198 

19 

47- 

6.152 

77.980 

18 

46.75 

6.087 

71.828 

*7 

46.5 

6.022 

65.741 

16 

46.25 

5-955 

59-7l9 

*5 

46. 

5^93 

53-764 

14 

44.4 

5,490 

47.871 

13 

42  8 

5.102 

42.381 

12 

41.2 

4727 

37.279 

11 

39-6 

4.368 

32-552 

10 

38. 

4.622 

28.184 

9 

36-4 

3.690 

23.562 

8 

34-8 

3-373 

19.872 

7 

33-2 

3.070 

ib.499 

6 

31.6 

2.781 

13.429 

5 

30. 

2.506 

10.648 

4 

28.8 

2.310 

8.142 

3 

27.6 

2.122 

5  832 

2 

26.4 

1.941 

3.710 

1 

25.2 

1.769 

1.769 

0 

24 

0. 

157 
7>g- 

66. 


Here 
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Fig.  Here  1.2  is  continually  added  to  24,  till  we  come 
66.  at  30  j  then  1.6  is  continually  added  to  30,  and  fo 
on  till  46.  And  then  .25  is  continually  added  from 
46  to  48.  Then  the  next  column  contains  the  a- 
reas,  correfpondent  to  thele  diameters.  And  the 
laft  contains  the  fum  of  all. 

This  way  is  more  exact:  than  the  former,  but 
more  troublefome. 

The  diameters  required,  are  had  by  meafuring 
them  •,  but  if  the  form  of  the  vefTel  is  known,  they 
may  be  had  more  exactly  by  calculation. 

Cor.  When  the  veffel  is  very  broad,  as  in  a  cooler ; 
it  is  fometimes  neceffary,  to  meafure  it  to  every  tenth 
part  of  an  inch. 

This  will  be  done  the  fame  way  as  the  inching 
was  done,  only  inftead  of  the  number  of  inches  in 
the  height,  we  mud  take  the  number  of  tenths, 
which  will  be  10  times  greater  than  before,  or 
confift  of  10  times  more  terms.  And  the  quan- 
tity to  be  added  or  fubtracted,  for  finding  each  di- 
ameter or  area,  will  be  only  the  tenth  part  of  what 
it  is  for  inching  :  but  all  the  reft  of  the  procefs  will 
be  the  fame  •,  for  the  area  muft  be  found  at  the  mid- 
dle of  every  inch  in  height ;  and  then  add  (or  fub- 
tract)  continually  the  tenth  part  of  every  area,  to 
the  preceding. 
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Fig. 

PROB,     XVIIL  6j. 

To  gauge  a  cafk  ABHG. 

1.    RULE. 

To  if  the  fum  of  the  fquares  of  the  bang  and 
head  diameters  CD,  AB,  add  T5-o,  -^  or  ~oy  or  fub- 
tract  i^  their  difference  (according  as  the  ftaves  are 
more  or  lefs  crooked) ;  multiply  this  fum  by  f  the 
length  EF,  which  divide  by  the  proper  divifor, 
359  for  ale,  or  294  for  wine,  gives  the  content  in 
gallons. 

2.  Or  thus. 

To  the  head  diameter  AB,  add  -/^  4*  or  -rWt 
of  the  difference  of  the  bung  and  head  diameters,. 
CD,  AB  (according  as  the  ftaves  are  more  itxeight 
or  more  crooked)  -,  the  fum  is  the  mean  diameter. 
Multiply  the  fquare  of  the  mean  diameter  by  the 
length  of  the  cafk  EF,  and  divide  the  producl  by 
359  or  294,  gives  the  ale  or  wine  gallons  refpec- 
tively,  contained  in  it. 

3.  Or  thus. 

When  the  form  of  the  cafk  is  known,  which  fel- 
dom  happens ;  compute  its  content  m  inches,  by 
its  proper  rule  in  the  4th  part  before  going;  and 
dividing  by  the  proper  divifor  (Prob.  I.),  you'lfc 
have  the  gallons  it  contains.  Or  proceed  by  Prob, 
26,  Part  IV,  by  taking  a  diameter  in  the  middle 
between  AB  and  CD. 
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67.  Ex.  i. 

57>£r<?  /j  #  cajk  whofe  bung  diameter  is  32  inches , 
the  head  24,  and  length  40 ;  the  fiave  fretty  fir  eighty 
what  is  the  content  in  ale  gallons  t 


32 
32 

24 
24 

1024    3Ho(i3f 
576 

64 

96 

96 

48 

2)1600 
800 

1024 

576 

2400 

—44.8  =  XV  dif 

I024 

diffi    576 

2355.2 

1 03      3    ' 

448 

7065.6 

23552 

785.1 

359)31402.7(87.4  ale 
gall. 

Examp* 
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Ex  amp,  2.  67. 

There  is  a  cajk^  whofe  bung  diameter  is  40  inches^ 
the  head  30,  and  length  54  -,  the  ftaves  crooked.  How 
much  wine  does  it  hold  ? 

40  fquarc  zz  1600  2500 

30  fquarc  zz    900  1250 

3750 
210 


fum 

2500 

diff. 

700 
3 

210.0 

3960 
18  -  V 

31680 

3960 

294)71280(241.7  wine 
gall. 

If  the  (laves  were  very  crooked,  you  muft  have 
added  -A-  of  700,  or  350*  and  then  the  content 
would  be  250.2  gall. 

Or  thus. 


40 

30 

1296 

30 

6 

54 

10 

36  = 

m. 

diam. 

5184 

.6 

& 

6480 

6.0 

216 

294)69984(238.  wine 

jo8 
1296 

gall. 

*) 
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Fig. 
67.  By  the  Rule. 

Set  17.14  on  D,  to  the  height  54  on  C ;  and  a- 
gainft  the  mean  diameter  36  on  D,  is  the  content 
238  on  C.  '  v# 

JVW,  the  mean  diameter  may  be  found  on  the 
rule,  according  to  its  variety. 

This  alfo  may  be  done  by  the  diagonal  line  on 
the  gauge  rod,  for  putting  the  rod  in  at  the  bung 
hole,  to  the  oppofite  corner,  at  either  end ;  note 
where  the  middle  of  the  bung  hole  cuts  the  line, 
and  there  you  have  the  number  of  gallons  which 
the  calk  contains. 

Or  thus -,  having  the  diagonal  in  inches  ;  fet  22.93 
upon  D,  to  27  upon  E,  for  ale  \  or  fet.  15.9  upon 
D,  to  1 1  upon  E,  for  wine  ;  and  againit  the  dia- 
gonal upon  D,  you  have  the  content  upon  E. 

Scholium. 

It  has  been  the  common  practice  of  Gangers,  to 
reduce  all  cafks  to  the  conic  feclions,  fuch  as  the 
fpheroid,  the  paraboloid,  the  hyperboloid,  the  pa- 
rabolic fpindle,  &c.  and  upon  that  fuppofition,  to 
make  fo  many  cafes  or  varieties,  for  finding  the 
contents  of  all  forts  of  cafks,  by  reducing  them  to 
one  or  other  of  thefe.  But  it  is  impoffible,  by  the 
mere  fight  of  a  cask,  to  know  what  form  to  refer 
it  to,  and  it  muft  be  mere  chance  if  it  happen  to 
be  any  of  them  •,  therefore  it  is  better  to  have  re- 
gard only  to  the  curvature  of  the  ftaves,  fincc  it  is 
owing  entirely  to  this,  that  a  cask  holds  more  or 
lei's  •,  and  therefore  from  this  only  a  judgment  may 
be  formed  how  to  proceed  by  thefe  rules,  in  find- 
ing a  mean  area,  or  a  mean  diameter,  for  reducing 
a  cask  to  a  cylinder  •,  or  without  trufting  to  the  eye, 
to  take  a  middle  diameter  (according  to  Prob.  26. 
Fart  4.)  which  will  determine  the  thing  at  once. 

In 
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In  order  to  get  the  dimenfions  of  any  clofe  cask  •,  Fig. 
put  a  rod  in  at  the  bung  hole,  flreight  to  the  op-  67. 
pofite  fide,  and  note  the  length  of  the  rod  on  the 
outfide  of  the  cask.     From  this,  take  the  thick- 
nefs  of  a  flafF  (which  is  eafily  taken  with  a  notch'd 
flick)  and  the  remainder  is  the  bung  diameter. 

The  head  diameter  is  had,  by  taking  twice  the 
thicknefs  of  a  ftaff  (found  at  the  bung  hole)  from 
the  external  diameter  at  the  head.  Or  the  diftance  ' 
between  the  infide  of  the  chine,  and  the  outfide  of 
the  oppofite  ftaff,  will  be  nearly  equal  to  the  head 
diameter. 

Take  the  diftance  between  the  outfides  of  the 
two  heads,  with  a  Hiding  pair  of  calipers ;  from 
that  fubtract  twice  the  thicknefs  of  a  head,  the  re- 
mainder is  the  length  of  the  cask  within. 

The  outfide  diameters  are  eafily  found,  by  mea- 
furing  round  the  cask  to  get  the  circumferences  ; 
then  from  any  circumference  find  the  diameter. 

To  find  the  wet  inches  in  a  cask,  put  the  gaug- 
ing rod  into  the  bung  hole,  in  a  lying  cask ;  or  in- 
to the  end,  in  a  {landing  one  •,  and  thruft  it  direcl- 
ly  down,  till  it  touch  the  oppofite  fide  or  end  •,  then 
taking  it  out,  the  wet  part  will  {hew  how  deep  the 
liquor  is,  or  the  wet  inches. 

PROB.     XIX. 

To  find  the  ullage  of  a  cajk^  zvhofe  axis  lies  parallel 
to  the  horizon. 

The  ullage  is  the  quantity  of  liquor  remaining  ^o 
in  the  cask  ;  or  the  vacuity,  when  the  reft  is  drawn 
out. 

RULE. 

Here  muft  be  given  the  bung  diameter,  the  wet 
or  dry  inches,  and  the  content  of  the  cask. 

L    2  Divide 
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Fig,  Divide  the  wet  inches  by  the  bung  diameter,  and 
68.  note  the  quotient :  take  a  quarter  of  the  diffe- 
rence between  this  quotient  and  ^,  and  add  it  to 
that  quotient,  if  greater  than  .5,  or  fubtra6t  it  if 
lefTer.  By  this,  multiply  the  whole  content  of  the 
cask,  and  it  gives  the  liquor  remaining  in  it. 

But  when  the  bung  diameter  is  far  greater  than 
the  head,  inftead  of  Jj  take  f  the  difference  afore- 
faid. 

Examp. 

Suppofe  the  bung  diameter  CD  32,  the  wet  part 
LD  24.  Then  by  Prob.  18,  the  content  of  the  eajk 
is  97.46".  To  find  the  liquor  contained  in  IKHB,  or 
the  ullage. 

32)24.oo(.75         .75  97.46 

224  .5  .812 


160    4). 250062       y7^6S 
160         ,J5  975 

l95 


.812 


ullage   79-l3% 


60. 


By  the  Rule. 

Set  the  bung  diameter  32  upon  C,  to  100  upon 
SL  i  and  againft  the  wet  inches  24  on  C,  is  a  feg- 
ment  82.25  on  SL. 

Then  fet  ico  on  A,  to  the  cask's  content  97.46 
on  B  •,  and  againft  the  fegment  on  A,  is  the  ullage 
80  on  B. 

PROB.     XX. 

To  find  the  ullage  of  a  cafk%  whofe  axis  is  perpendi- 
cular to  the  horizon. 

1.     R  U  L  F. 
Here  we  muft  have  the  length  of  the  cafk,  the 
wet  or  dry  inches,  and  the  content  of  tht  cafk. 

Divide 
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Divide  the  wet  inches  by  the  cask's  length,  and  Fig. 
note  the  quotient  -,  take  -^  the  difference  between  6$, 
this  quotient  and  -^  and  add  it  to  that  quotient, 
if  greater  than  .5,  or  fubtract.  it  if  leffer  ♦,  by  this, 
multiply  the  whole  content  of  the  cask,  and  you 
have  the  liquor  remaining  in  the  cask. 

2.    Or  thus. 

Here  you  muft  have  the  diameters  at  the  bung, 
head,  and  liquor's  furface  \  alio  the  wet  inches,  and 
whole  length. 

Then  by  Prob.  1S.  find  the  content  of  IKGH, 
by  rinding  a  mean  diameter  ;  and  this  is  the  ullage. 

Or  find  the  content  of  the  half  cask  CDHG,  and 
of  the  part  CDKI  j  then  the  fum  or  difference  gives 
the  quantity  of  liquor  in  the  cask. 

Or  laitly,  find  a  middle  diameter  between  IK 
and  GH,  and  then  find  the  content  by  Rule  i. 
Prob.  16. 

Examf>i, 

Suppofe  the  hung  diameter  CD  32,  the  headGVL  26", 
the  length  EF  40,  the  wet  inches  LF  12,  furface  of 
the  liquor  IK  31.5*,  to  find  the  quantity  of  liquor  in 
IGHK. 

By  Prob.  18.  the  content  of  the  cask  is  iod.6 
ale  gallons. 

4<>Ji2.o(\3        .5  .30  100.6 

.3  .02  28 

I0).2,f.02        .28  8048 

—  20i2 

ullage  28.168 


Or 
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Or  thus. 

826.  $6 


1  %• 

69.           IK 
GH 

=  26. 

diff. 

5-5 
<5 

26. 

■*    m.  diam. 

28.750 
28.75 

575oo 
2,3000 

2012 

144 

826.56 

12 


165312 
82656 

359)991872(27.6  ale 
gallons, 


By  the  Rule. 

Set  the  cask's  length  40  on  C,  to  100  on  SS  ; 
and  againft  the  wet  inches  1 2  on  C,  is  a  fegment 
26.4  on  SS. 

Set  100  on  A,  to  the  cask's  content  100.6  on 
B  •,  and  againft  that  fegment  26.4  on  A,  is  the  ul- 
lage 28  on  B. 

P  R  O  B.     XXI. 

To  gauge  malt  in  any  majh  tun>  cijlern  or  couch  -,  or 
en  any  floor. 

RULE, 

In  a  Tun,  Cijlern,  or  Couch,  if  the  malt  does  not 
lie  level  •,  take  a  fufficient  number  of  depths  in  dif- 
ferent places  •,  and  divide  the  fnm  of  them  by  their 
number,  and  it  will  give  the  mean  depth. 

Then  find  the  area  at  top  or  furface  of  the  malt, 
and  at  the  bottom  -,  and  take  half  the  ium,  for  the 

meal 
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nean  area;  and  multiply  the  mean  area  by  the  Fig* 
nean  depth,  and  divide  by  2150.4,  gives  the  con-  69. 
:ent  in  bufhels.     See  Prob.  16. 

Upon  a  floor ■,  find  the  area  of  the  bafe,  and  the 
nean  depth  (by  feveral  dippings) ;  and  multiply 
:hem  together,  and  divide  by  2150.4,  as  before.- 
Fhis  work  is  the  fame  as  directed  in  Prob.  io. 
Part  IV. 

When  the  dimenfions  are  large,  they  are  com- 
nonly  taken  with  a  tape  divided  into  inches. 

It  has  been  obferved,  that  when  2  or  3  worts 
lave  parTed  thro'  malt  of  a  middling  fort,  it  will 
De  more  compact  by  a  fixth  or  an  eighth  part.  And 
rherefore  the  quantity  found  in  fuch  circumftances, 
hould  be  increafed  fo  much. 

Examp. 
Suppofe  the  length  of  a  cijlern  8^  and  breadth 
54.4,  and  depth  18  ,  what  does  it  contain  ? 

54-4 
S5 

2720 
4352 

4624.0 
18 

36992 
4624 

2150.4(83232(38.7  content. 

1.  By  the  Rule. 

Find  a  mean  between  54.4  and  8^  which  will 
be  68  •,  then  let  46.37  on  D,  to  the  depth  18  onC; 
and  againft  the  mean  68  on  D,  is  the  content  38.7 
on  C. 

?.  Or 
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F*&  2.   Or  thus,  by  the  Rule. 

Set  the  depth  18  on  MD,  to  the  length  85  on  B  * 
and  againft  the  breadth  54.4  on  A,  is  the  content 
38.7  on  B. 

S  c  h  o  L. 

It  may  be  obferved,  that  many  of  the  rules  lajd 
down  here  for  gauging,  are  only  approximations  •, 
being  contrived  for  eafe  and  expedition  ♦,  and  come 
pretty  near  the  truth  in  moft  cafes.  For  to  what 
purpofe  can  it  be  to  make  ufe  of  long  and  labori- 
ous rules  and  calculations,  fuited  to  certain  parti- 
cular figures  j  when  we  do  not  know  that  any  vef- 
fels  we  deal  with  have  thefe  figures.  If  we  mould 
gauge  a  cask  as  a  paraboloid,  which  happens  to  be 
a  parabolic  fpindle  *,  we  mould  make  a  great  mif- 
take.  Therefore  it  is  better  in  mechanical  things 
to  ufe  mechanical  rules  ;  and  judge  from  the  appa- 
rent curvature  of  the  veffel,  what  rule  to  ufe,  and 
how  to  apply  it. 
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PREFACE, 


T'H  E  Art  of  Surveying  is  of  great  antiquity  \  and 
it  has  been  faid,  that  it  was  fir  ft  found  out  in  E- 
ypt.  For  when  the  Nile,  by  its  frequent  inunda- 
ons,  overflowed  the  country,  and  deftroyed  all  the 
oundaries  of  mens  eftates,  or  buried  them  under  the 
ime  and  mud  ;  they  were  neceffitated  to  feek  out  fome 
tethods  or  other,  whereby  to  fet  out  to  every  man  his 
ue  quantity  of  ground  y  that  it  might  be  reflored  to 
im  without  lofs.  And  as  this  happened  very  ofteny 
hey  were  wader  a  necejjity  of  ftudying  this  art,  for 
referving  the  limits  and  extent  of  their  lands  and  pof- 
'ffions. 

But  though  the  knowledge  of  fuch  an  art  muft  be 
ecejfary  on  this  occafion,  and  accordingly  made  ufe  of 
w  that  purpofe  -,  yet  it  might  be  found  out  fooner. 
7or  without  doubts  the  Art  of  Surveying  had  been 
nown,  ever  fince  there  had  been  any  fuch  thing  as  the 
ividing  of  lands.  For  as  there  could  be  no  fet  ting 
ut,  or  making  any  divifion  of  lands,  without  taking 
he  meafures  of  the  whole,  ana  of  the  fever al  parts  \ 
?  as  foon  as  that  happened,  muft  the  way  of  meafur- 
ig  be  known  ;  and  thus  we  meet  with  a  man  meafur- 
vg  Jerufakm,  Zechariah,  ch.  2.  And  the  fame  ne- 
effity  that  caufed  men  to  divide  the  land  into  fhares, 
t  the  fame  time  forced  them  to  feek  for  methods  to  re- 
uce  them  to  an  equality,  and  to  find  the  proportion  be- 
ween  one  part  and  another.     And  thus  the  fir  ft  divi- 

2  ding 
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ding  cf  the  land  of  Egypt  among  the  people,  gave  rij 
jfirft  to  Surz  :J  Geometry. 

It  :  the  furv  eying  of  land  makt 

::  have  dear  bargains,  and  occafioi 

\gs  to  fell  dear  and grow  fear 'ce  •,  and  therefore  Ian 

ft  ::  be  &.     But  then  a  man  muft  I 

kepi  property,  in  other  cafe<  as  we 

Does  a  man's  knowledge  abridge  his  confa 

ence  ?  IV e  often  fee  thai  men,  by  over-eftimating  thei 

eftates,  let  their  tenants  hard  pennyworths^  being  i& 

norant  of  the  true  quantity  of  ground  they  let,  for  tl 

g".      But  t  \  fort  of  fa 

fine  \  •::...'  always  make  the  beft  he  can  of  his  good, 

i  muft  emery  ; .  t  the  liberty  to  make  the  be^ 

cny  the  vomers  of  land  tied  from  it 

:  Art  cf  to  g?V€  ever 

B  very  body,  to  th 

dkrd  as  well  as  the  tenant,  to  the  buyer  as  well  a 

s~  the  true  meafure  and  quantit 

cf  l  \g  is  a  neeejfary  an 

ves  the  true  quantity,  bu 
.;  drafts  of  a 
hibits  to  viei  field,  and  ever 

,  in  their  proper  fitua;i:;:s  -,  which  is 
ui  invention. 

we  been  writ  concerning  tl 
Art  it  has  been  drawn  out  t 

j  length.     1  bole  of  it  is  foundek 

.  principles  of  Geom:  hicb  ar 

:  need  fuch  long  and  tedit 
h  metho.i.  -.found  the  ret 

Fc  ight  to  be  treated  more  volar: 

m  there  is  real  difficulty  in  it ;  which  is  not  to 
this  Art.     It  is  a  good  old  maxim, 
,    and   ought  always  to  be    \ 
dtfeourfes,  t . 
is  left  in  am  .  is  perplexity  . 
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i,  by  treating  the  fubjecl  in  a  concife  way,  and  going 

o  farther  than  the  fubjet't  leads. 

In  the  following  Book,  you  have  a  verbal  defer ip- 

on  of  the  inftruments  ufed  in  Surveying.     For  it  is 

H  worth  the  while  to  give    any  Cuts  of  them  \    a 

ht  of  them  being  more  inftruclive  than  any  figure 

n  be.     In  Sect.  I.  you  have  an  account  of  ail  the 

ork  that  is  to  be  done  out  of  doors  -,  with  proper 

ules  to  proceed  by.     Secft.  II.  teaches  how  to  plot, 

duce,  caft  up,  and  divide  any  parcel  of  land.     And 

My,  Sect.  III.  Jhews  the  methods  of  taking  heights 

d  diftances,  both  ace  ffible  and  inacceff.ble  ;  which  is 

curious  and  ufeful  fubjecl ,  and  very  nee effary  to  te 

own. 

I  have  omitted  nothing  belonging  to  this  Art,  and 
ve  treated  of  every  thing  in  as  concife  a  manner, 
i  yet  as  clearly,  as  the  fubjecl  would  admit  of.  And 
I  take  my  leave  of  the  reader,  wifhing  he  may  meet 
ih  all  the  fatisfaclion  he  expeels. 


W.  Emerfon* 
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SURVEYING,  or  mi  . 

of  finding  the  ^rcel 

of  land 
cimal  parts  > 

concerned  in  not 
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whereas  the  dimenfi 
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i  in 
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beft  inftrumcnts  for  taking  angles.  And  fome  of 
them  have  a  card  and  compafs,  with  a  needle  play- 
ing round  the  center,  which  in  fome  cafes  is  very 
ufeful. 

The  plain  Table. 

This  is  a  flat  board  or  table,  the  bignefs  of  a 
fheet  of  paper ;  fitted  into  a  frame  going  round  its 
edges,  which  frame  is  to  keep  the  meet  of  paper 
fait  on  the  table,  for  ufing  in  the  field.     The  edge 
is  graduated  into  degrees,  from  a  brafs  center  in 
the  middle  of  the  table  ;  by  means  of  which  it  may 
be  ufed  without  a  paper.     It  has  a  loofe  index  with 
two  fights,  being  lighted  both   back  and  forward  ; 
and  upon  this  index  is  a  tangent  line  for  taking 
heights.     The  index  is  made  to  turn  upon  any  gi- 
ven point,  againfl  a  pin,  or  the  point  of  a  pair  of 
compafTes  placed  therein,  as  a  center ;  and  in  tak- 
ing angles,  this  center  muft  be  the  brafs  center. 
The  ftreight  edge  of  the  index  is  called  the  f  ductal 
edge. 

The  ufe  of  this  inftrument  is  to  draw  the  plot  or 
figure  of  any  field  or  parcel  of  land  upon  a  paper, 
in  the  field.  For  when  the  work  in  the  field  is  fi- 
nifhed,  you  have  the  exact  form  of  the  ground  up- 
on the  paper  on  the  plain  table.  This  is  a  proper 
inftrument  for  furveying  fmall  inclofures,  and  of 
great  difpatch  -,  but  not  fo  good  for  large  eftates, 
by  reafon  the  paper  upon  the  table  will  contract  in 
dry  weather,  and  expand  in  moifl  weather.  And 
therefore  if  one  part  be  drawn  when  it  is  dry,  and 
another  when  it  is  moift,  the  field  will  be  diflort- 
ed,  and  the  parts  out  of  proportion. 

The  under  fide  of  the  frame  is  divided  into  e- 
qnal  parts,  and  may  be  turned  up  fide  down  upon 
occafion. 

Circum* 
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Circumferentor. 

This  is  a  parallelogram,  eight  inches  long  and 
four  broad,  made  of  box  or  brafs,  its  edge  gradu- 
ated or  divided  into  degrees  -,  to  this  belongs  an 
index  with  fights  forward  and  backward.  It  may 
alfo  be  made  in  form  of  a  circle  eight  inches  dia- 
meter. 

To  this  belongs  a  box  and  needle ;  and  therefore 
it  is  the  fitteft  inftrumcnt  for  mapping  a  harbour, 
and  for  drawing  the  pofition  of  rocks,  fands, 
fhoals,  foundings,  &c.  And  proper  for  meafuring 
a  county,  if  it  be  made  large. 

Semicircle. 

This  is  a  large  femicircle  divided  into  degrees, 
having  fights  placed  at  the  beginning  or  edge.  It 
has  a  moveable  index  with  fights  back  and  forward, 
moving  about  the  center.  To  this  is  fixed  a  box 
and  needle  ;  it  is  the  fame  as  half  a  Theodolite.  It 
is  fitted  to  a  ball  and  locket,  and  fet  upon  a  three 
leg'd  ftaff,  like  all  the  reft. 

Geodetical  Staff. 

This  is  an  inlrrument  with  two  legs,  having  fights 
upon  them,  opening  upon  a  brafs  center  pin,  like 
the  legs  of  a  pair  of  compafles.;  each  leg  is  a  foot 
and  half  long,  or  more.  There  is  a  long  ruler, 
called  the  Graduator,  which  turns  upon  a  pin  in  the 
end  of  one  of  the  legs,  and  goes  thro'  the  end  of 
the  other  leg.  This  ruler  is  graduated  with  a  line 
of  chords,  anfwerable  to  the  length  of  the  legs, 
which  is  the  radius.  As  ihe  inftrument  is  opened, 
the  moveable  kg^  running  along  the  graduator, 
fhews  to  what  angle  the  inftrument  is  opened,  ^nd 
when  it  is  open,  it  appears  in  form  of  an  ifofceles 
triangle  •,  and  may  be  opened  to  a  right  angle,  or 
fomething  more  j  and  then  the  graduator  will  be 

the 
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the  hypothenufe.     This  is  an  excellent  inftrument 
for  taking  angles.     ■ 

Infallible. 

This  is  an  inftrument  not  very  common  •,  it  is  a 
fiat  board,  or  a  plate  of  copper  or  brafs,  a  foot 
fquare.  On  the  middle  or  thereabouts  is  fixed  a 
perpendicular  pin,  on  which  is  fcrew'd  an  index 
with  two  fights.  The  table  or  plate  is  to  be  cover- 
ed with  a  paper,  which  muft  be  folded  at  the  ends 
under  the  inftrument,  and  fcrew'd  fail  at  every 
corner,  by  four  plates  fixt  underneath  the  table. 
Then  the  index  muft  be  put  upon  the  pin,  which 
will  come  thro'  the  paper. 

This  inftrument  is  very  fimple,  and  very  eafily 
made,  and  differs  nothing  from  the  plain  table,  but: 
only  that  it  is  ungraduated  •,  and  the  index  always 
turns  upon  the  fixt  pin.  When  it  is  ufed  in  the 
field,  it  muft  be  placed  on  a  three  legged  ftaif, 
being  a  ftaff  with  three  legs  opening  outward,  to 
ftand  on  the  ground  in  any  pofition  you  will.  All 
thefe  inftruments  ate  for  taking  angles  or  draughts. 

Wheel y    or  Perambulator.    . 

The  wheel  to  meafure  diftances,  is  i\-  yards  in 
circumference,  but  ought  rather  to  be  5J-  yards  a- 
bout,  or  a  ftatute  pole.  It  conlifts  of  clockwork, 
and  on  the  face  has  two  hands  or  pointers,  to  (hew 
the  diftance  run.  The  wheel  runs  between  two 
cheeks,  in  a  frame  of  wood  •,  by  taking  hold  of 
the  frame  it  is  driven  forward,  and  by  the  motions 
of  the  hands,  and  divifions  on  the  face,  is  (hewn 
Low  many  yards,  poles,  furlongs  or  miles,  you 
have  gone.  One  hand  goes  round  in  half  a  mile, 
and  the  other  in  12  miles. 

This  inftrument  is  very  ufeful  for  rrieafuring 
roads,  rivers,  and  all  level  ground. 

Chain, 
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Chain. 

There  are  feveral  forts  of  chains,  but  Gunter^s 
Chain  is  the  belt  for  meafuring  land  •,  its  length  is 
4  poles  or  ..i  yards  •,  and  is  divided  into  100  links  ; 
and  at  every  10  links  there  is  apiece  of  brafs,  with 
figures  or  tails  for  diftinction  ;  by  thefe,  the  links 
are  eafily  reckoned. 

In  meafuring  towns,  a  chain  of  50  feet  and  50 
links  is  the  molt  commodious. 

Water  Level. 

This  is  a  round  tube  made  of  wood  or  brafs, 
about  three  feet  long  ;  the  ends  of  it  are  turned  up 
fquare  ;  in  which  are  cloie  cemented  two  glafs  tubes 
perpendicularly.  The  tube  is  to  be  almoft  quite 
filled  with  water.  There  are  two  fights  fixt  to  this 
machine  \  and  often  telefcopic  fights,  for  great  dis- 
tances. When  it  is  fixt  level  on  a  three  legged 
ftaff,  the  water  will  rife  to  equal  heights  in  both 
the  glafs  tubes,  where  proper  marks  or  divifions 
are  made  to  fhew  it. 

The  ufe  of  thefe  is  to  find  a  true  level,  for  con- 
veying water,  draining  fens,  &c. 

Spirit  Level. 

A  fpirit  level,  or  air  level,  is  a  cylindrical  glafs 
tube,  very  near  filled  with  fpirit^of  wine,  wanting 
only  a  drop,  and  then  lealed.  On  this,  fights  are 
fixt>  which  fhould  be  telefcopic  fights.  When  the 
fights  are  placed  level  or  horizontal,  the  bubble  or 
drop  of  air  will  be  in  the  middle  ;  but  when  it  is 
not  level,   the  bubble  will  go  to  the  higher  end. 

In  the  befr,  fort,  this  cyliodric  glafs  tube,  with 
the  bubble,  is  fixt  upon  the  lube  of  an  agronomi- 
cal telefcope,  two  or  three  feet  long  5  and  h  ad- 

j.uftcd, 
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j ufted,  that  when  the  bubble  is  in  the  middle,  the 
object  or  mark,  feen  through  the  telefcope,  is  juft 
level  with  it.  And  there  is  a  proper  apparatus 
with  fcrews  to  fet  the  whole  level  -,  which  is  known 
by  the  bubble  being  in  the  middle; 

Scales. 

The  fcales  or  rulers  ought  to  have  feveral  lines 
of  equal  parts  upon  them  ;  fome  greater,  fome 
lefTer,  to  fuit  all  cafes,  particularly  diagonal  fcales, 
which  fhew  the  divifion  of  i  into  a  hundred  parts. 
Thus,  we  muft  have  a  fcale  of  a  chain  in  an  inch, 
a  chain  in  -J  of  an  inch,  in  f  an  inch,  &c.  By 
thefe  we  draw  a  field,  or  a  map  or  plan,  called  alfo 
a  plot  or  plat* 

There  are  alfo  fcales  made  that  one  may  prick 
off  the  diftances  by  the  edge. 

Line  of  Chords,    Trotraftor,    reducing  Scale,    Com* 
pajjes,  parallel  Ruler. 

Thefe  are  fo  well  known,  that  they  need  no  de- 
fcription.  The  chords,  and  protractor,  are  for  lay- 
ing down  angles  ;  the  reducing  fcale,  for  increafing 
or  diminifhing  a  plan  or  map ;  the  compaiTes,  for 
fetting  off  diftances ;  and  the  parallel  ruler,  for 
drawing  parallel  lines.  As  to  the  reducing  fcale, 
it  turns  on  a  center  pin,  nearer  one  end  than  the 
other.  On  this  are  feveral  lines  of  equal  parts, 
running  both  ways  from  the  center  -9  and  in  certain 
given  proportions. 

There  is  alfo  an  inftrument  made  with  two  draw- 
ing pens,  fo  that  tracing  one  of  them  over  the  old 
draught,  the  other  will,  on  a  clean  paper,  defcribe 
it  anew,  in  a  lefs  or  bigger  form  -3  being  a  very  ex- 
peditious inftrument. 

Arrows 


SURVEYING 

Arrows. 

Thefe  are  ten  fmall  flicks,  about  a  foot  or  half 
a  yard  long,  and  (harp  at  one  end,  to  ftick  in  the 
ground  at  the  end  of  every  chain,  in  meafuring. 
They"  may  be  tipt  or  piled  with  iron  at  bottom  ; 
and  coloured  blue  and  red  near  the  top,  to  make 
them  vifible. 

Station  Staves,  and  Streamers. 

Thefe  are  long  poles  to  be  fet  up  in  the  angles 
of  a  field,  or  in  other  remarkable  places.  If  they 
be  far  oft,  they  have  moveable  vanes  or  ftreamers 
placed  on  them,  to  be  Hid  up  and  down ;  or 
tied  to  their  tops.  And  thefe  vanes  or  marks  may 
be  white,  or  coloured  red  or  blue,  to  make  them 
vifible  at  great  diftances. 

Some  of  thefe  poles  are  divided  into  links,  for 
meafuring  offsets  readily. 

The  Field  Book. 

As  it  is  not  poffible  to  furvey  any  great  quan- 
tity of  ground  without  noting  down  the  particu- 
lars j  therefore  you  muft  have  in  the  field  a  little 
book,  called  the  Field  Book,  in  which  to  write 
your  fictions,  offsets,  angles,  lines,  obfervations, 
&c.  This  book  you  may  divide  into  columns,  as 
you  think  convenient,  as  will  bed  fuit  your  occa- 
sions :  for  there  are  hardly  two  perfons  that  have 
the  fame  method  for  their  field  notes ;  however,  it 
ouojht  to  be  contrived  in  the  eafieft  and  mod  in- 

o 

rible  manner ;  for  any  method,  that  lays  a  bur- 
then upon  the  memory,  is  imperfeft,  and  not  fit 
to  Lc  prailifed. 
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This  book  may  be  contrived  after  the  following 
manner.  Make  three  columns,  the  middle  one  for 
the  angles  (mark'd  <;,  ftations  (mark'd  G ),  the 
diftances  meafured,  and  bearings,  &c.  The  two 
columns  on  the  left  and  right,  are  for  the  offsets 
on  the  left  and  right,  againft  their  refpective  dif- 
tances in  the  fecond  column  -,  and  for  fuch  remarks 
as  occur.  Draw  a  line  under  the  work  at  the  end 
of  every  ftation  •,  that  the  workings  at  the  feveral 
ftations  may  not  confound  one  another. 

Note%  in  furveying  with  the  plain  table,  you 
need  no  field  book;  the  whole  work  being  de- 
fcribed  upon  it,  except  offsets,  which  may  be  fet 
thereon,  as  they  happen. 


The 
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The    FIELD    BOOK. 


Offsets  and  remarks 

Stations. 

Offsets  and  remarks 

on  the  left. 

on  the  right. 

O    I 

.12 

<     "3°     *5 

/ 

00 

.26  Thomfon's 
hedge  begins. 

56 

touch  the  hedge 

.32  a  crofs  hedge 

4.13 

6.09 

♦34 

.41   a  tree 

8.00 

.00 

0     2 

<  87  43 

.00 

.00 

1.80 

Gutter  changes 

.87  houfe  corner 

3-l5 

4.82 

.27  a  pond 

O   3 

64     15 

a  gate 

0  .  84 

•5 

2 -75 

•15 

.88  a  brook 

4.  11 

5  .  28 

.29  a  gate 

1 8  foot  path 

5  •  92 

•*5 

6  .  00 

00 

15  hedge  corner 

7  -  54 

— 

9  .  20 

28  a  fpring. 

Explanation. ' 
©  1  is  the  firft  ftation,  and  the  <  there  is  1  r  ?  r  r, 
on  the  nght  an  offset  .26  or  26  links,  where  Thorn- 
ion  s  hedge  begms ,  meafuringto  .56  we  touch  the 
Sf  At  4'3  an  °*et  of  34.  At  6.09  an 
«  S41  "^  r^  At  8-°°  no  offset'  °n  the  left, 
ScreV"  f  ,'  '  1 2  ;  at  6"°9  a»  °*«  .32  where 
Acre  »  a  cols  hedge.     And  fo  for  the  reft  of  the 
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1.  A  fable  of  Long  Meafures. 

7.92  inch 

1  link 

12 

til 

i  foot 
3 

36 

4A 

1  yard 

198 

25 

i.6i 

i  pole 

ichainj 

792 

IOO 

66 

22 

4- 

7920 

IOOO 

660 

220 

40 

10 

ifurl. 

63360 

8000 

5280 

[760 

320 

80 

8 

i  mile| 

2.  ^f  ^^/<?  0/  Square  Meifures* 


9  feec 

1  yard 

2724. 

3ot 

1  perch 

4356 

484 

16 

1  chain 

10890 

1210 

40 

2i 

1  rood 

4356o 

4840 

160 

IO 

4 

1  acre 

27878400 

3097600 

102400 

64OO 

2560 

640 

1  mile 

In  thefe  Tables,  each  perpendicular  column  is 
of  one  denomination  throughout.  And  all  the 
lateral  ones  are  equal,  but  of  different  denomina- 
tions. 

Note>  a  pole  and  perch  is  the  fame  thing,  and 
a  fquare  chain  is  called  a  rape  in  the  North,  being 
the  tenth  part  of  an  acre. 
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SECT.      I. 

The  Pra&ice  of  Surveying,  containing 
the  Work  to  be  done  in  the  Field. 


PROB,    I. 

To  take  an  angle  BAC,    or  meafure  the  quantity  of  it    i 
in  devrees. 


SET  up  two  ftation  (laves  perpendicular,  in 
fome  parts  of  the  lines  AB,  AC,  as  at  B  and 
C  *,  and  put  thereon  fome  vifible  marks,  large  e- 
nough  to  be  feen  from  A.  Then  plant  the  inftru- 
ment  in  the  angular  point  A,  or  as  near  it  as  pofli- 
ble.     Then, 

i.  For  an  inftrument  with  a  paper  upon  it,  as 
the  plane  table,  and  infallible.  Screw  the  table  fad; 
then  direct  the  index  to  one  mark  as  B,  and  turning 
it  about,  till  thro'  the  fights  you  fee  B,  then  draw 
the  line  AB  by  the  edge  of  the  index.  Then  di- 
rect the  index  to  the  other  mark  C,  and  turning 
it  about  till  you  fee  it  thro'  the  fights,  then  draw 
the  line  AC  by  the  edge  of  the  index.  Then  you 
have  the  angle  BAC  upon  the  paper.  Here  the 
edge  of  the  index  mull  be  kept  all  the  while  upon 
the  point  A. 

2.  For  inftruments  with  two  fixt  fights,  and  a 
moveable  index,  as  the  theodelite,  femicircle,  geo- 
detical  ftarT,  &c.  direct  the  fixt  fights  along  one  of 
the  lines  AB,  turning  the  inftrument  about,  till 
thro'  the  fights  you  fee  the  mark  B,  there  fcrew 
fait  the  inftrument.  Then  direct  the  moveable  in- 
dex along  the  other  line  AC,  and  move  it  about, 

B  till 
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Fig.  till  thro*  the  fights  you  fee  the  mark  C.  Then  the 
i.  degrees  cut  by  the  index,  upon  the  graduated  limb 
of  the  inftrument,  fhews  the  quantity  of  the  angle  ; 
which  fet  down  in  the  field  book.  If  the  angle  be 
obtufe,  you  muft  take  it  by  back  fights  -,  caufing 
b,  c  to  lye  on  the  other  fide  of  A. 

3.  By  an  inftrument  with  a  needle.  Place  the 
inftrument  fo,  that  the  north  end  of  the  needle  may 
hang  directly  over  the  flower-de-luce.  Then  direci: 
the  fights  to  one  mark  as  B,  and  note  the  degrees 
cut  by  the  needle.  Then  direct  the  fights  to  the 
other  mark  C,  and  note  again  what  degrees  are 
cut  by  the  needle.  For  their  fum  or  difference  (as 
the  cafe  is)  will  be  the  quantity  of  the  angle  BAC  •, 
which  fet  down. 

If  either  mark  cannot  be  feen  from  A,  as  in  the 
cafe  of  hills,  trees,  &c.  fet  up  a  new  mark  in  fome 
place  between,  from  whence  both  A  and  the  other 
may  be  feen.  And  to  place  it  in  the  line,  fhift  it 
to  the  right  and  left,  till  both  A  and  the  other  mark 
appear  through  the  fights,  both  forward  and  back- 
ward ;  and  that  is  the  place  of  the  new  mark,  which 
may  be  ufed  inftead  of  the  other. 

Note,  if  feveral  angles  are  to  be  taken  at  one 
point  as  A  •,  take  them  all  from  one  and  the  fame 
line  as  AB.  For  by  this  means,  there  will  be  lefs 
danger  of  committing  any  error. 

S  c  h  o  L. 

There  is  alfo  a  way  to  take  an  angle  in  the  field 
by  the  chain  only  ;  which  is  this.  Take  a  chain 
length  along  both  fides  AB  and  AC,  as  Ab  and 
Ac  •,  then  meafure  the  diftance  be  between  b  and  ey 
and  write  it  down.  Then  the  angle  A  may  be  found 
by  plain  trigonometry  •,  for  it  will  be  as  Ab  :  radius 
:  :  fo  4.  be  :  S.  -i  the  angle  A.  Or  find  \bc  in  the 
table  of  natural  fines,  and  it  fhews  half  the  angle 
BAC. 

Bur 
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But  this  method  being  fubject  to  errors,  ought  Fig, 
not  to  be  practifed,  but  in  caie  of  neceflity,  or  for 
want  of  proper  inftruments. 

P  R  O  B.     II. 

To  meafitre  a  right  lini,  or  any  dijlancet  upon  the 
ground. 

1.  Let  AB  be  the  diftance  to  be  meafured.  Set  2. 
up  ftaves  with  marks  upon  them,  at  A,  B  and  C. 
Then  the  leader  of  the  chain  muft  take  the  ten 
arrows  in  his  left  hand,  and  take  hold  of  the  end 
of  the  chain  with  his  right  hand,  by  putting  his 
hand  into  the  ring.  Then  let  him  go  from  A  to- 
wards B,  drawing  the  chain  after  him  •,  and  as  he 
goes,  let  him  take  an  arrow  into  his  right  hand 
ready  to  ftrike  down.     The  follower  muft  (land  at 

A,  having  hold  of  the  other  end  of  the  chain  in  his 
right  hand  ;  and  caufe  the  leader  to  go  always  along 
the  right  line  AB,  till  he  comes  at  the  ftretch  of 
the  chain  ;  then  the  follower  muft  hold  his  end 
clofe  to  A,  and  the  leader,  ftretching  the  chain 
ftreight,  muft  prick  the  arrow  upright  into  the 
ground,  at  the  very  end  of  the  chain.  Then  he 
muft  go  forward,  and  take  another  arrow  into  his 
right  hand  5  and  when  the  follower  comes  to  the 
arrow  {ticking  in  the  ground,  he  muft  fet  the  end 
of  the  chain  clofe  to  it,  and  take  it  up  with  his 
right  hand  •,  whilft  the  leader,  at  the  fame  time, 
pulls  the  chain  ftreight,  and  pricks  in  another  ar- 
row ;  and  then  proceed  as  before ;  and  whilft  the 
follower  is  going,  he  muft  put  the  arrow  into  his 
left  hand.  Thus  at  the  end  of  every  chain,  the 
leader  puis  down  an  arrow,  and  the  follower  takes 
one  up.     And  thus  they  go  on,  till  they  come  at 

B,  the  end  of  the  line  5  and  then  the  follower  muft 
reckon  his  arrows,  for  there  will  be  fo  many  chains  •, 

B  2  and 
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Fig.  and  if  any  thing  to  fpare,  fee  how  many  odd  links 
2.  reaches  from  the  laft  arrow  to  B  •,  and  fet  all  down, 
the  chains  in  whole  numbers,  and  the  links  in  de- 
cimals. 

If  all  the  arrows  are  gone  before  the  leader  gets 
to  the  end  at  B,  he  mull  come  back  for  the  ten  ar- 
rows -,  and  the  follower  muft  fet  his  toe  at  the  place 
where  the  lait  flick  or  arrow  was  ;  till  the  leader, 
pulling  the  chain  ftreight,  puts  in  another  flick ; 
and  then  proceed.  In  great  diflances,  you  will 
have  the  arrows  to  change  feveral  times  -,  then  you 
muft  note  the  number  of  changes,  which  will  be 
eafiefl  done  thus.  Put  20  fmali  flones  in  your 
pocket,  and  at  every  change  of  the  arrows  (that  is, 
at  every  10  chains)  remove  a  flone  into  another 
pocket.  And  at  laft,  counting  the  flones  removed, 
you  will  have  the  number  of  changes ;  where  8 
changes  make  a  mile.  And  then  the  whole  length 
muft  be  fet  down  in  the  field  book. 

In  going  from  A  to  B,  the  leader  muft  always 
keep  his  eye  on  the  mark  at  B,  and  keep  in  the 
line  AB,  fo  as  to  cover  the  mark  at  B  from  the 
follower. 

At  the  end  of  the  line  AB,  and  at  the  end  of 
every  change,  count  all  the  arrows  in  both  parcels, 
to  fee  if  they  both  make  ten ;  if  they  do  not,  one 
has  been  dropt,  and  the  diftance  muft  be  meafured 
over  again. 

2.  In  meafuring  to  or  from  any  hedge,  you  muft 
account  5  links,  from  the  roots  of  the  quicks,  on 
that  fide  where  the  gutter  is  •,  and  that  will  be  the 
boundary  -9  but  in  walls,  the  outfide  is  the  boun- 
dary. 

3.  When  the  mark  at  B  cannot  be  feen  from  A, 
then  fet  up  a  mark  in  fome  place  between,  from 
which  both  A  and  B  may  be  feen  •,  and  this  place 
may  be  found,  by  the  inftrument,  placing  it  there, 
and  removing  it,  till  A  and  B  both  appear  through 

the 
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the  fights  backward  and  forward.     And  if  one  will  Fig. 
not  do,  fet  up  two  or  three  marks  after  the  fame  2* 
manner. 

4.  If  the  diftance  be  very  great,  as  amounting 
to  feveral  miles,  then  the  eafieft  way  is  to  meafure 
it  with  the  wheel ;  in  which  there  are  feveral  in- 
dexes, mewing  how  many  miles,  furlongs,  &c. 
have  been  paffed  over.  But  this  is  not  fo  exact  as 
the  chain. 

5.  Great  diftances  alfo  may  be  meafured  expedi- 
tioufly,  by  the  firing  of  great  guns  in  a  dark  night ; 
and  obferving  with  a  watch  or  a  pundulum  vibra- 
ting feconds,  how  many  feconds  there  are  between 
the  flafh,  and  the  report  of  the  gun.  For  that 
number  of  feconds  multiplied  into  1142,  gives  the 
number  of  feet  in  the  diftance.  But  this  is  not  fo 
exaft  as  the  former  methods. 

6.  If  the  line  you  meafure  is  not  horizontal,  but 
rifes  or  falls  •,  and  you  want  the  horizontal  length. 
Then  with  a  quadrant,  you  muft  take  the  eleva- 
tion or  depreflion  of  that  line  •,  and  then  the  hori- 
zontal length  may  be  found  by  trigonometry. 

Or  in  defcents,  or  going  down  a  fteep  place,  you 
may  find  the  horizontal  level  thus.  At  the  top, 
:retch  out  as  much  of  the  chain  as  you  can  hori- 
ontally,  and  let  a  ftone  fall  from  that  point  of  the 
hain,  and  where  it  falls,  fet  that  point  of  the 
hain  -y  and  ftretch  out  another  part  of  it  horizon- 
ally,  from  which  let  fall  another  ftone,  which  will 
lew  another  place  to  hold  at  again  horizontally  ; 
nd  proceed  thus  to  the  bottom.  Then  the  fum 
f  all  thefe  parts  of  the  chain  is  the  horizontal 
ne. 


B  *  P  R  O  6. 
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Fig. 

PROB,    III. 

To  meafure  offsets,  and  find  their  fit  nation  upon  any 
right  line, 

g.  Let  AB  be  any  right  line,  and  Aoegh  a  crooked 
hedge ;  co,  de,  fig,  Bh,  &c.  feveral  offsets,  to  be 
meafured.  From  every  angle  or  feniible  bend  of 
the  hedge,  as  0,  £,  £,  &c.  let  perpendiculars  be 
fuppofed  to  fall  on  the  line  AB,  as  at  <:,  J,  /,  &c. 
which  points  may  be  taken  near  enough,  by  the 
eye,  if  the  offsets  are  not  very  large  j  but  if  they 
are,  it  muft  be  done  by  the  inftrument.  To  this 
end,  you  muft  have  a  crofs  line  upon  your  index, 
perpendicular  to  the  vifual  ray.  Then  as  you  mea- 
fure along  the  line  AB,  when  you  come  at  <•,  fet 
down  the  length  Af,  and  meafure  the  offset  co ; 
and  to  know  when  you  are  at  the  point  f,  place 
your  inftrument  about  £,  and  look  thro'  the  fights 
to  A  and  B,  and  if  you  can  fee  both  A  and  B, 
looking  back  and  forward,  then  you  are  in  the 
line ;  if  not,  the  inftrument  muft  be  removed  till 
you  can  fee  both.  The  inftrument  ftanding  thus, 
look  along  the  crofs  line  on  the  index,  and  if  it 
run  directly  to  0,  then%  c  is  the  point  where  the  off- 
fet  falls ;  but  if  it  point  not  to  0,  the  inftrument 
muft  be  removed  back  or  forward  in  the  line  AB, 
till  it  does  ;  whilft  the  fights  ftill  point  to  A 
and  B. 

Proceeding  forward,  find  the  points  d  and/,  &cf 
in  the  fame  manner,  where  the  offsets  de,  fg^  &c. 
fall ;  and  meafure  the  offsets  as  you  go  along.  And 
care  muft  be  taken  to  go  in  the  line  AB  -,  and  that 
at  each  point  d  or/,  the  fights  may  point  to  A  and 
B,  at  the  fame  time  that  the  crofs  line  points  to  / 
or  g.  Then  all  muft  be  fet  down  in  the  field  book, 
as  you  meafured  them ;  that  is,  both  the  diftances 

along 
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along  the  ftationary  line,    and  the  correfponding  Fig* 
offsets,  which  will  be  as  follows.  3» 


right  hand. 

O  A 

0 

Ac  zz  1.94 

.87  ZZ  CO 

Ad  zz  3.42 

.23  zz  de 

A/  =  4.17 

•81  =/* 

&B  zz  4.45 

.47  =  B£ 

Cor.  ^//^r  the  fame  manner^  if  Aoegh  he  an  irregu-. 
lar  curve  ,  erecl  3,  4  or  5  {equidi/iant)  ordinates  or  off- 
fets,  at  r,  */,  /,  &c.  and  meafure  the  bafe  AB,  and 
the  offsets  as  before. 


P  R  O  B.     IV. 

To  draw  a  ftreight  line  on  the  ground^  from  one 
place  Ay  to  another  B. 

1.  Take  a  long  cord,  and  fatten  one  end  at  A, 
and  carry  the  other  end  towards  B  ;  if  it  will  reach 
thither,  (train  it  tight,  and  fallen  it  at  B.  Then 
either  pin  down  the  cord,  to  the  ground  ;  or  elfe, 
which  is  better,  make  a  trench  along  the  line  with. 
a  fharp  fpade,  and  that  will  be  your  line. 

2.  If  the  cord  will  not  reach  to  B ;  let  fome  body 
draw  the  cord  ftreight  towards  B,  which  fuppofr 
will  reach  to  C  ;  and  there  let  him  hold  a  Hake  up- 
right ;  and  moving  it  to  and  fro,  fet  it  at  laft,  that 
A,  C  and  B  may  hide  one  another,  when  feen  from 
A  or  B  ;  then  A,  C  and  B  will  be  in  a  right  line. 
And  after  this  manner  fet  one  length  after  another, 
till  you  come  at  B. 

3.  If  there  happen  to  be  any  hill  or  rifing  ground 
in  the  way,  that  one  place  cannot  be  icen  from  the 
other ;  then  perhaps,  a  very  long  pole  may  be  fet 
Up  in  one  of  the  places,  and  be  feen  at  the  other  \ 
and  then  proceed  as  before.     But  if  this  cannot  be 

B  4  done, 
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Fig.  done,  fet  up  two  or  more  flakes  in  the  way,  as  C, 
5.  D,  &c.  and  let  them  be  fo  placed  by  trials,  that  C 
k^n  from  A,  fhall  cover  D  j  and  D  feen  from  C, 
fhall  cover  B  or  the  next  flake,  and  fo  on  to  the  laft. 
Jlnd  note,  in  directing  one  another,  no  words  muft 
be  ufed,  but  only  figns  of  the  hand ;  for  it  is  fup- 
pofed  to  be  too  far  off,  to  hear  any  directions. 

But  if  you  have  an  inflrument  with  back  fights 
as  well  as  fore  fights,  fix  your  inflrument  fo  between 
A  and  B,  that  you  may  fee  both  of  them,  through 
back  fight  and  fore  fight,  and  there  you  muft  place 
a  flake  as  at  C  •,  but  if  A  and  B  cannot  both  be 
feen  from  C,  fet  it  by  guefs,  and  another  D  alfo 
by  guefs,  and  fo  on.  Then  try  them,  and  fhift 
them,  till  A  and  D  appears  from  C ;  and  C  and  B 
from  D,  &c.  by  back  fight  and  fore  fight  \  and  then 
they  are  all  in  a  line. 

P  R  O  B.     V. 

To  raife  a  perpendicular  upon  a  line  AB,  at  a  given 
•point  A,  upon  the  ground. 

(jt  Take  a  fquare,  or  rather  a  graduated  inflrument 
with  fights,  and  placing  it  at  A,  direct:  the  fights 
of  the  inflrument,  or  the  fide  of  the  fquare  along 
AB,  and  fix  the  inflrument.  Then  turn  the  fights 
to  90  degrees,  and  look  thro'  them  along  the  line 
AD,  and  let  fome  perfon  fet  a  flake  forward,  as  at 
D.  Then  DA  is  perpendicular  to  AB.  If  you  ufe 
a  fquare,  you  muft  look  along  the  other  fide  of  the 
fquare,  to  find  a  point,  as  D. 

Or  thus. 

Set  off  40  links  from  A  to  B,  and  50  links  from 
B  to  D,  fo  that  30  links  may  juft  reach  from  D  to 
A.     Then  DA  is  perpendicular  to  AB. 

For 
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For  then  the  triangle  BAD  is  right  angled  at  A.  Fig. 
For  the  fquare  of  the  hypothenufe  BD  is  equal  to    6. 
the  fum  or  the  fquares  of  the  two  fides,  BA,  AD. 

P  R  O  B.     VI. 

To  let  fall  a  perpendicular  from  a  given  point  D, 
upon  any  line  AB,  upon  the  ground. 

Set  an  inftrument  fomewhere  about  A,  in  the  line  6# 
AB  ;  and  a  mark  at  B  •,  then  directing  the  fights 
along  AB,  fix  the  inftrument.  Then  turn  the  in- 
dex to  90  degrees,  and  if  you  fee  D  thro'  the  fights, 
you  are  in  the  perpendicular.  If  not,  move  the  in- 
ftrument back  and  forward  in  the  line  AB,  till  you 
can  fee  D,  with  the  index  fet  to  90  degrees ;  the 
inftrument  having  the  pofition  before  defcribed ; 
that  is,  directed  to  B  ;  then  DA  is  a  perpendicular. 
This  may  be  done  in  a  few  trials. 

A  fquare  will  perform  the  fame  thing ;  moving 
one  fide  along  AB,  till  the  other  fide  point  to  D, 
as  at  A. 

P  R  O  B.     VII. 

To  lay  down  a  given  angle  on  the  ground,  as  CAB. 

Set  up  a  ftake  fomewhere  in  the  line  AB,  as  at  B ;  7. 
then  place  an  inftrument  at  A,  and  direct  the  fights 
at  the  beginning  of  the  degrees,  to  B  •,  then  fixing 
the  inftrument,  fet  the  index  to  the  degrees  of  the 
given  angle  •,  as  DAE,  and  looking  along  the  in- 
dex AD,  caufe  fome  afiiftant  to  fet  up  a  ftake  in 
the  line  ADC,  as  at  C  j  then  the  angle  CAB  will 
be  that  required. 

By  an  inftrument  with  two  legs  ;  fet  it  to  the  gi- 
ven angle,  and  placing  it  at  A,  direct  one  leg  AE 
along  the  line  AB,  to  the  ftake  at  B  ^  and  fet  up 

another 
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Fig.  another  Hake  in  the  line  AC,  as  at  C,  in  the  di- 
7.  rection  of  the  other  leg  AD. 

P  R  O  B.     VIII. 

Fhro*  a  given  point  C,  to  drawn  a  line  parallel  to 
a  given  line  AB,  on  the  ground. 

Si  Meafure  the  neareft  diftance  of  the  given  point 
C  from  the  line  AB  ;  and  at  a  convenient  diftance 
from  A,  as  at  B,  raife  the  perpendicular  BD  to  the 
line  AB.  Set  the  length  AC  from  B  along  the 
perpendicular  to  D,  and  draw  CD,  which  will  be 
parallel  to  AB. 

Or  thus. 

Take  any  ftation  B  in  the  line  AB ;  and  with  a 
proper  inftrument,  meaiure  the  angle  ABC.  Then, 
by  the  laft  Prob.  lay  down  the  angle  BCD  equal  to 
ABC  ;  draw  CD,  which  will  be  parallel  to  AB. 

Or  at  any  point  A  in  the  line  AB,  take  the  an- 
gle CAB  ;  then  going  to  C,  fet  off  the  fame  angle 
ECD,  to  D  5  E  being  in  the  line  CA. 

Otherwife  thus. 

Set  up  a  flake  at  C,  and  another  at  any  place  as 
A,  in  the  line  AB.  And  let  two  obfervers  hang 
up  two  lines  and  plummets  at  D  and  B.  Then  let 
the  obferver  at  B  take  notice  when  the  fun,  or  fome 
.ftar  (agreed  on  between  them)  comes  in  the  line  B A ; 
'and  at  that  inftant  give  notice  to  his  correfpondent 
at  D,  to  fet  his  line  and  plummet  fo,  that  D  and 
C  may  be  in  a  line  with  the  fun  or  the  fame  ftar. 
And  then  CD  is  parallel  to  AB.  It  will  be  bed  for 
the  obferver  at  D,  to  keep  his  line  and  plummet 
always  in  a  line  with  C,  and  the  fun  or  ftar.     . 
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Fig. 
PROB,     IX. 

¥0  meafure  the  horizontal  bafe  of  a  Hill,  as  BC. 

Let  BAD  be  a  horizontal  line,  CA  a  perpendi-  9. 
cular  from  the  top,  BC  the  (lope  or  fide  of  the  hill. 
Set  proper  marks  up,  and  with  a  proper  inftrument, 
take  the  elevation,  that  is,  the  angle  ABC  or  ACB ; 
and  one  being  given  the  other  is  known.  Then 
meafure  with  a  chain  the  fide  CB.  And  it  will  be, 
as  rad  :  BC  : :  S.angle  BCA  :  to  BA. 

If  the  hill  has  different  declivities  in  feveral  places, 
take  the  angles  in  thefe  feveral  places,  and  the  fide 
of  each  part,  as  before.  Then  find  the  bafe  of 
each,  by  the  fame  operation  ;  and  the  fum  of  all,  is 
the  whole  bafe. 

All  this  may  be  done  by  rule  and  compafs,  by 
laying  down  the  triangle  BAC,  or  the  feveral  parts 
thereof. 

If  there  be  likewife  a  defcent  on  the  other  fide, 
as  CD  •,  you  may  find  the  part  AD  in  the  fame  man- 
ner as  before.  Or  proceed  thus,  take  the  angles 
at  B  and  D,  and  fubtra<5l  their  fum  from  180  gives 
the  angle  BCD  ;  or  the  angle  BCD  itfelf  may  be 
meafured ;  and  meafuring  either  fide  of  the  hill  as 
BC,  then,  as  S.angle  D  :  BC  :  :  S.angle  BCD  :  BD 
the  whole  bafe. 

Cor.  By  the  fame  method  the  height  of  the  hill  CA 
may  be  found.  For  it  will  be,  as  radius  :  BC  : : 
Wangle  ABC  :  height  CA. 


PROB. 
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Fig. 

P  R  O  B.     X, 

T'o  reduce  a  field  to  fewer  fides  in  the  field,  where 
an  angle  is  very  obtufe^  or  when  one  of  the  fides  is 
very  fhort. 

I0#      Let  DEFKCBAD  be  any  field,  which  here  con- 
fifts  of  feven  fides.     Then, 

i.  Suppofe  ABC  is  a  very  obtufe  angle  or  bend- 
ing, which  we  want  to  take  way.  Produce  the 
longer  fide  of  the  angle  CB  to  cut  the  fide  AD 
(adjoining  to  the  other  fide),  at  G ;  then  take  the 
point  I,  fo  that  it  may  divide  the  line  GA,  in  the 
fame  proportion,  as  B  divides  GC  ;  that  is,  fo  that 
GI  may  be  to  GA,  as  GB  to  GC.  And  as  GA  is 
in  this  cafe  very  ftiort,  this  may  be  done  by  the  eye 
exact  enough,  for  the  moft  part ;  or  as  exactly  as 
the  two  points  A  and  B  can  be  determined.  Then 
draw  the  line  CI,  and  leaving  out  the  angles  B  and 
A,  the  two  lines  CB,  BA  are  reduced  to  one  CHS 
and  the  field  confifts  of  one  fide  lefs  than  before. 
And  the  fame  may  be  done  with  the  angle  FED, 
by  producing  FE  till  it  cut  AD,  and  finding  the 
point  Q^as  I  was  found  before. 

2.  Suppofe  ED  a  very  fhort  fide.  Stand  at  D 
the  end  of  the  fhort  fide,  and  obferve,  directly  o- 
ver  the  angle  F  (the  next  but  one),  fome  very  re- 
mote object,  as  a  houfe,  tree,  mountain,  fun,  moon, 
ftar,  cloud,  &c.  Then  immediately  remove  along 
AD,  till  you  fee  the  fame  object  directly  over  E  j 
at  that  place  Q,  put  in  a  Hake  or  fome  mark.  Then 
leave  out  the  angles  E,  D,  and  take  Q  inftead 
thereof.  And  the  two  fides  FE  and  ED  are  redu- 
ced to  one  FQ,  which  takes  away  another  fide  of 
the  field.  And  the  fame  thing  may  be  done  with 
the  fide  BA,  by  obferving  the  fame  remote  object 
from  A  over  C,  and  from  I  over  B. 

The 
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The  reafon  of  this  procefs  is  this ;  the  lines  AC  Fig, 
and  IB  are  parallel  ;  and  the  lines  DF  and  QE  are  10. 
parallel  -,  and  therefore  the  triangle  CBA  is  equal 
to  CIA  -,  and  the  triangle  FED  is  equal  to  FQD. 

Cor.  This  method  is  very  ufeful^  when  we  meet 
with  a  field  with  crooked  hedges^  by  reducing  it  to 
fewer  fides. 

For  by  this  means  we  have  the  fame  quantity  of 
ground,  and  fewer  hedges.  For  the  lines  CI  and 
FQ  take  in  as  much  as  they  leave  out. 

S  c  h  o  L. 

When  any  fide  of  a  field  is  very  irregular,  you 
may  draw  a  ftrait  line  inftead  of  it,  which  mall  take 
in  as  much  ground  in  fome  places,  as  it  leaves  out 
in  others  ;  and  fo  does  not  alter  the  quantity  of  it. 
And  this  way  (of  giving  and  taking)  fhortens  the 
work  •,  and  fuch  a  line  may  be  drawn  as  exactly  by 
the  eye,  in  moil  cafes,  as  the  boundaries  them- 
felves  can  be  afcertained. 

P  R  O  B.     XI. 

7*0  furvey  a  triangular  field  ABC. 

1.  By  the  Chain. 

Set  up  flation  ftaves  at  the  angles  A3  B  and  C  it. 
Then  meafure  with  the  chain  from  A  to  C  \  and 
when  you  come  at  P,  where  the  perpendicular  BP 
falls,  let  up  a  flake  there.  And  the  point  P  is  ea- 
fily  found,  for  as  you  go  along  from  A,  fet  your 
inftrument  where  you  think  the  perpendicular  will 
be,  then  look  thro'  the  fights  back  and  forward,  to 
fee  that  you  be  in  the  line  AC  •,  that  done,  look 
thro*  the  crofs  line  upon  your  index,  and  if  you  fee 
the  vertex  B,  then  you  are  at  the  place  P,  where 
the  perpendicular  fails.     But  if  B  does  not  appear, 

you 
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Fig.  you  muft  move  back  or  forward  in  the  line  AB, 
1 1 .  till  B  can  be  feen  along  the  crofs  line,  as  at  P. 
Then  having  meafured  AC,  and  fet  it  down  ;  go 
to  P  and  meafure  the  perpendicular  PB,  and  fet 
it  down  likewife.  And  thus  you  have  thebafe  and 
perpendicular,  which  is  fufficient  for  finding  the 
content. 

Or  meafure  all  the  three  fides  AC,  CB,  BA, 
feverally,  with  the  chain  ;  and  note  them  down. 
Then  the  triangle  may  be  laid  down,  and  the  con- 
tent call  up  by  Seel.  II. 

2  By  taking  one  or  more  angles. 

Meafure  two  fides  AC  and  CB,  and  the  angle 
included  ACB ;  by  which  the  triangle  may  be  def- 
cribed. 

Or  meafure  one  fide  AC,  and  two  angles  A  and 
C,  then  the  third  angle  B  will  be  known. 

Or,  if  you  cannot  get  the  angle  C ;  take  any 
point  D  in  the  bafe  AC,  where  take  the  angle 
ADB,  and  meafure  AC  and  DB  j  and  then  it  may 
be  caft  up  by  Sect.  II. 

P  R  O  B.     XII. 

Tofurvey  afield  inform  of  a  trapezium. 

i .  By  the  chain. 

,  2#  Set  up  flation  (laves  with  marks  or  dreamers,  at 
'  all  the  corners  A,  B,  C,  and  D.  Then  choofe 
one  of  the  diagonals  AC  or  DB  to  meafure,  let  it 
be  DB  ;  it  ought  to  be  fuch  a  one,  as  that  you  can 
fee  the  mark  at  B  from  D,  or  the  mark  at  D  from 
B  ;  and  likewife  the  marks  at  A  and  C  from  the 
diagonal  DB  ;  and  likewife  the  perpendiculars  AF 
and  CG  fhould  fall  within  the  figure. 

Begin  at  D,  and  meafure  along  the  diagonal  DB 
in  a  right  line,  till  you  come  at  the  place  of  the 

perpen- 
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perpendicular  AF,  which  will  be  known,  by  look-Fig. 
ing  backward  and  forward  thro'  the  fights  to  D  and  12. 
B  •,  and  then  looking  along  the  crofs  line  to  fee  A  ; 
removing  the  inftrument,  till  A  can  be  feen.  Then 
at  F  put  in  a  ftake.  Then  meafure  forward,  and 
find  the  place  G  of  the  other  perpendicular  GC  as 
before  ;  and  put  in  another  flake  at  G.  Then  mea- 
fure to  the  end  B,  and  fet  down  the  length  DB. 
Then  go  to  F  or  to  A,  and  meafure  the  perpendi- 
cular FA,  and  fet  it  down-  Laftly,  go  to  G,  and 
meafure  the  perpendicular  GC,  and  fet  it  down, 
with  the  reft.  And  by  thefe  the  content  will  be 
found. 

Diagonal  DB  —  8.37 

1  perp.     AF  —  5.18 

2  perp.     GC  —  4.86 

Otherwifey  by  the  Chain. 

Draw  a  rude  draught  of  the  field  to  imitate  it, 
upon  paper  •,  and  having  fet  up  marks  at  all  the 
corners,  draw  a  diagonal  as  DB  upon  your  draught. 
Then  begin  at  any  angle  D,  and  meafure  all  the 
fides  round  about  to  D  again ;  and  then  the  diago- 
nal DB  ;  and  fet  them  all  down  as  they  are  mea- 
fured,  upon  the  correfpondent  lines  of  your  draught. 
Then  from  thefe  meafures,  the  field  may  be  laid 
down  upon  paper  -,  and  the  content  found,  by  Sect. 
I. 

In  meafuring  this  way,  it  is  beft  to  take  the  fliort- 
eft  diagonal. 

Or  thus,  by  the  Chain. 

Marks  being  fet  up  at  A,  B,  C  and  D.  Find  the  j  o  ; 
nterfection  E  of  the  diagonals  AC,  DB  ;  thus, 
lace  the  ftaff  and  index  at  E,  and  if  you  can  fee 
>  and  B  forward  and  backward,  and  alio  A  and  C 
brward  and  backward,  thro'  the  fights,  then  E  is 
he  interfeclion   fought.     But  if  not,  remove  the 

ftaff 
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Fig.  ftaff,  till  you  can  fee  them  all  \  which  is  foon  done 
13.  by  a  few  trials.  Then  meafure  the  lines  in  this  or- 
der, AE,  EC,  CB,  BE,  ED,  and  DA  (for  proof), 
with  the  chain.  And  write  their  lengths  on  their 
proper  lines,  in  a  rude  draught  of  the  field.  From 
thefe  meafures,  the  field  may  be  laid  down,  and  the 
content  found,  by  Sect.  II. 

In  all  thefe  methods,  there  is  no  occafion  for  any 
inftrument  (befides  the  chain),  but  an  index  with 
two  fights  and  a  crofs  line,  and  a  ftaff  to  fet  it  on  •, 
whofe  ufe  is  to  make  you  go  ftrait,  by  trying  fore- 
fight  and  back  fight  •,  and  for  finding  the  perpendi- 
culars, when  they  are  required. 

2.  By  taking  an  Angle. 

Having  fet  up  marks  at  all  the  corners  ;  find  the 
interferon  E,  of  the  diagonals  in  the  field,  as  in 
the  laft  method.  Then  fixing  the  inftrument  at  E, 
take  any  one  of  the  angles  at  E,  as  AEB,  and  fet 
it  down.  Then  meafure  the  diagonals  AC  and  BD, 
and  fet  them  down.  Then  by  thefe,  the  content 
will  be  found,  by  Seel.  II. 

Angle  AEB,  66°  20' 
AC,  7.  54 
DB,      6.  17 

Or  thus,  by  taking  feveral  Angles. 

Make  a  rude  draught  of  the  field  upon  paper, 
and  draw  one  diagonal  as  DB,  which  meafure  and  fet 
down  in  the  draught.  Then  with  the  inftrument,  take 
the  quantity  of  the  angles,  DCB,  CDB,  and  ADB, 
DAB;  and  fome  other  angle  or  fide  for  proof;  and  fet 
all  thefe  angles  down  in  the  draught.  Then  by  means 
of  thefe,  the  field  may  be  laid  down  on  paper,  and 
meafured. 

Note,  it  does  not  fignify  whether  your  eye  draught 
be  true  or  falfe,  provided   all  the  lines  lay  but  in 

their 
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their  right  pofition ;    for  the  conftruction  at  laftFig. 
will  make  all  right.  13. 

Scholium. 

As  the  furveying  a  triangle  and  a  trapezium,  is 
the  foundation  of  furveying  all  other  forts  of  fi- 
gures, 1  have  been  very  particular  in  fhewing  dif- 
ferent methods.  For  all  plane  figures  muft  be  di- 
vided into  triangles  and  trapeziums  before  they 
can  be  meafured ;  and  therefore  the  learner  ought 
to  have  a  good  notion  of  thefe. 

P  R  O  B.     XIII. 

To  furvey  any  field  by  the  chain  only. 

Let  ABDF  be  the  field  propofed.  Set  up  (la-  14. 
tion  ftaves,  or  any  long  flicks,  with  marks  or  itream- 
ers  on  them,  in  every  corner  of  the  field  -,  pieces 
of  white  or  red  rags  will  do  well  enough,  if  they 
can  but  be  feen,  the  breadth  of  the  field.  And  as 
you  walk  over  the  field,  confider  how  it  may  mod 
commodioufly  be  divided  into  triangles  or  trapezi- 
ums, fo  as  to  be  eafieil  meafured.  It  muft  be  fa 
divided,  that  you  may  fee  from  one  end  to  the  o- 
ther,  of  any  diagonal  of  a  trapezium,  or  bafe  of  a 
triangle  ;  and  likewife  fee  the  tops  of  the  perpen- 
diculars, which  muft  fall  within  the  figure.  Here 
the  field  is  divided  into  two  trapeziums  FCDE  and 
FCBG,  and  a  triangle  BGA.  Here  we  might  have 
divided  the  field  into  the  two  trapeziums  ABCG 
and  GFEC,  and  the  triangle  ECD  •,  and  a  great 
many  other  ways. 

Having  fet  out  the  parts  of  the  field,  as  you  de- 
fign  to  meafure  them  ;   begin  at  any  part  as  FEDC, 

,nd  meafure  along  the  diagonal  FD,  till  you  come 
lat  the  perpendiculars  IC  and  HE,  which  I  have 
|(hewn  how  to  hnd  in  the  lad  Prob.  there  put  (lakes 

C  in. 
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Fig.  in.  When  the  diagonal  FD  is  meafured,  and  fet 
14.  down,  go  to  E  and  meafure  EH,  and  then  IC,  and 
fet  them  down  -9  and  then  you  have  the  firft  trape- 
zium. 

Being  at  C,  meafure  along  the  diagonal  CG  of 
the  trapezium  CFGB,  till  you  come  at  the  per- 
pendiculars LB,  KF,  to  fet  marks,  whole  places 
are  found  as  before  -,  then  meafure  to  the  end,  and 
fet  down  the  diagonal ;  then  go  to  F,  and  meafure 
the  perpendicular  FK,  and  then  LB,  and  fet  them 
down.     So  you  have  the  fecond  trapezium. 

Being  at  B,  meafure  along  the  bafe  BG  to  the 
perpendicular  NA,  and  put  in  a  flake  at  N.  Then 
meafure  to  G,  and  fet  down  the  bafe  BG,  and  laft- 
ly,  meafure  the  perpendicular  AN,  and  fet  it  downs 
fo  you  have-  the  triangle  BG  A. 


The  refult  of  the  work. 

1.  Trapezium. 
The  diagonal             — 

11.88 

1  perpendicular 

2  perpendicular         —      — 

3-54 
2.52 

2.  Trapezium. 

The  diagonal        —         — 

12.00 

1  perpendicular          — 

2  perpendicular             — 

4-47 
3-7* 

Triangle. 
Bafe             —          '   — 
Perpendicular             — 

10.56 
3-3* 

In  meafuring  any  of  the  lines,  take  care  to  go 
very  ftrait  5  otherwife  the  perpendiculars  will  be  ei- 
ther too  fhort  or  too  long,  by  going  out  of  the  line. 
But  when  the  perpendiculars  are  near  together,  as 
HE,  IC,  the  going  out  of  the  line  caufes  little  er- 
ror i  becaufe  one  gains  what  the  other  lofes. 

When 
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When  the  perpendiculars  are  not  very  long,  theFi<^. 
places  where  the  perpendiculars  fall  may  be  taken  14. 
true  enough  by  the  eye,  without  an  index  -,  for  a 
fmall  error  in  the  place,  makes  no  ienfible  diffe- 
rence in  the  length. 

Otberwife  thus. 

Let  ABCDE  be  a  field  -,  from  any  angle  of  the  T  r 

field  as  D  (from  which  all,  or  mod  of,  the  other 

angles  ma)  be  feen),  fuppofe  lines  drawn  to  the  o- 

ther  angles,  as  A  and  B  -3  which   will  divide   the- 

whole  field  into  triangles ;  and  marks  being  placed 

at  thefe  angles  •,  take  an  eye  draft  of  the  field,  thus 

divided  into  triangles.     Then  meafure  all  the  fides 

of  every  triangle,  and  fet  them  down  in  the  draft, 

along  their  relpeclive  lines.     Thus,  meafure  DE, 

EA,  AD,  in  the  triangle  ADE  •,  then  DB,  BA,  in 

^he  triangle  ABD,  then  BC,  CD  in   the  triangle 

DC.     Having  got  all  thefe  meafures,  every  tri- 

mgle  may  be  drawn  upon  paper  one  by  one,  and 

the  whole  field  will  be  laid  down.     And  your 

ough  draft  will  inform  you,  how  to  join  the  trian- 

les  together. 

If  the  other  angles  cannot  be  feen  from  any  an-  x  £# 
le,  then  you  mult  take  a  point  about  the  middle 
f  the  field  as  F,  from  which  all  the  angles  A,  B, 
',  D,  E,  can  be  (ten.  And  letting  up  marks  at 
lefe  angles,  and  fuppofing  lines  drawn  to  them 
1  from  F,  take  a  rough  draught  of  the  field  as 
ual.  Then  meafure  all  the  fides  of  every  trian- 
e  one  by  one,  and  write  down  their  lengths,  as 
u  meafure  them,  along  their  correfpondent  fides 
the  draft.  And  then  they  may  be  all  laid  down 
paper  as  before. 

Note^  the  fewer  triangles  there  are,  the  fooner 

ey  are  meafured  ;  and  therefore  it  is  foonelt  done, 

en   the  field  is  divided  into  triangles  from  fome 

gle,  as  in  the  former  method.    For  the  lcaft  num- 

of  triangles,  any  field   c;tp.  be  divided  into,  is 

C  2  Ids 
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Fig.  lefs  by  2  than  the  number  of  fides  of  the  figure,- 
1 6.  when  the  divifions  run  from  an  angle  ;  and  the  di- 
agonals lefs  by  3.  But  when  the  divifion  is  made 
from  a  point  within ;  the  number  of  triangles,  and 
number  of  lines,  is  equal  to  the  number  of  fides. 

For  proof  of  the  work,  fome  line  or  diagonal* 
mould  be  meafured  over  and  above. 

If  you  have  not  a  rough  draft,  meafure  round 
the  field,  AB,  BC,  CD,  &c.  and  kt  them  down 
in  a  table.  Then  meafure  the  diagonals  AD,  BD, 
which  fet  down  in  a  table;  or  meafure  FA,  FB, 
FC,  &c.  and  fet  down.  But  take  notice  what  way 
you  go  about  the  field. 

P  R  O  B.     XIV. 

$0  furvey  any  field  by  the  plain  table. 

,r        Set   up   marks  at   every   corner   of  the   field, 
ABCDE,  except  the  corner,  where  you  take  your 
ftation.     Therefore  choofe  fuch  an  angle  for  your 
ftation,  from  which  you  can  fee  all  the  other  an- 
gles.    Then  put  a  clean  meet  of  paper  upon  yous 
table  and  fix  it  at  the  angle  D,  lb  that  the  needle, 
if  it  have  one,    may  hang  jufi  over  the  flower- 
de-luce.     Then  apply  the  index  to  D,  and  direcl 
the  fights  to  E,  and  by  the  edge  of  the   index, 
draw  the  obfcure  line  DE  upon  the  paper;  mea- 
fure DE,  and  fet  it  off  (from  your  fcale)  from 
to  E.     Then  turn  the  index  about,  till  thro'  th 
fights  you  can  fee  A,  the  fide  of  the  index  fti 
being  at  D.     Then  draw  the  line  DA  ;  meafure  th< 
diftance,  and  fet  it  from  D  to  A.     In  like  manne 
direcl:  the  fights  to  B,  C,  &c.  and  draw  lines  upoi 
your  paper  -,  and  meafure  the  diftances  DB,  DC 
&c.  and  fet  them  from  D  to  B,  C,  &c.  upon  th 
paper.    Laftly,  draw  the  fides  of  the  field  DK,  EA 
AB,  BC  and  CD  ;  £0  your  draught  is  finifhed. 

OtheM 


Otherwife  thus. 
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Fi< 
16. 

When  there  is  no  angle  from  which  all  the  reft 
can  be  feen,  take  a  flation  in  the  middle  of  the  field, 
as  at  F ,  from  whence  all  the  angles  can  be  feen. 
Then  fet  up  marks  at  every  corner,  and  plant  the 
table  at  F;  and  turn  it  about  till  the  needle  hangs 
over  the  flower-de-luce,  and  there  fix  it.  Then  place 
the  index  on  the  point  F,  and  direct  the  fights  to 
A,  and  draw  an  obfeure  line  by  the  edge  of  the  in- 
dex upon  the  paper.  Then  direct  the  fights  to  B 
( ftill  keeping  the  edge  of  the  index  clofe  to  F)>  and 
draw  a  line.  In  like  manner  direct  the  fights  to 
C,  D  and  E,  and  draw  lines  to  C,  D,  E.  Then 
meafure  all  the  diitances,  in  this  order  FA,  BF, 
FC,  DF,  FE  ;  and  with  your  companies  fet  the  dif- 
tances  on  their  proper  lines  from  F  to  C,  D,  E  ; 
and  lafily,  draw  the  boundaries  of  the  field  AB, 
BC,  CD,  DE,  EA. 

Or  thus,  by  going  round  the  field. 

Suppofe  ABCDE  a  wood  or  pool  of  water.  Plant  15, 
the  table  at  A,  and  chufing  a  point  on  the  paper 
near  the  edge  as  A,  lay  the  index  upon  A,  and  di- 
rect the  fights  to  E,  and  draw  a  black  line  as  AE  ; 
then  meafure  the  diftance  AE,  and  fet  it  from  A  to 
E  on  your  paper.  Then  the  table  remaining  fixt, 
turn  the  index  about,  and  direct  the  fights  from  A 
to  B,  and  draw  a  line  as  AB  •,  meafure  the  diftance 
AB,  and  fet  from  A  to  B  on  the  paper. 

Then  remove  the  table  to  B,  and  lay  the  index 
upon  the  line  BA  •,  and  turn  the  table  about,  till 
thro'  the  fights  you  fee  the  mark  A.  Then  fix  it, 
and  direct  the  fights  from  B  to  C,  and  draw  the 
line  BC  ;  then  meafure  it,  and  fet  it  from  B  to  C 
on  the  paper. 

Then  remove  the  table  to  C,  and  laying  the  in- 
dex on  the  line  CB,  turn  the  table  about,  till  you 
fee  the  mark  B  \  then  direct  the  fights  from  C  to  D, 
C  3  and 
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Fig.  and  draw  a  line  CD  on  the  paper  ;  meafure  CD, 
15.  and  iet  it  from  C  to  D.  In  like  manner  remove  to 
D  and  draw  DE,  and  then  to  E  and  draw  EA.  Ob- 
ferving  at  every  new  flation,  to  lay  the  index  upon 
the  line  laft  drawn,  and  turn  the  table  about,  till 
the  index  point  to  the  laft  flation.  For  by  this  means 
the  table  is  always  placed  in  the  very  fame  fituation, 
at  every  new  ilation  •,  fo  that  all  the  lines  on  the  ta- 
ble will  then  be  parallel  to  the  refpective  lines  in 
the  field.  Having  thus  drawn  all  the  fides  of  the 
field  upon  your  paper,  the  draft  is  finifhed. 

Therefore  to  prove  your  work,  when  yon  are 
come  to  any  new  flation,  and  has  fixt  the  table; 
turn  the  index  to  any  former  flation,  or  to  any  an- 
gle of  the  field,  or  to  any  known  object  •,  and  it  will 
pafs  thro*  the  fame  point  in  the  table  that  reprefents 
it,  if  the  work  is  right ;  and  if  it  do  not,  there  is 
fome  error  committed,  which  muft  be  rectified. 
Therefore  let  all  your  marks  (land  to  the  laft,  to 
obferve  by. 

Care  muft  be  taken,  that  the  table  be  not  moved 
out  of  its  place,  till  the  work  at  any  one  flation  be 
quite  finifhed.  Therefore  obferve  at  firft,  what  ob- 
ject the  index  points  to,  when  laid  upon  fome  cer- 
tain line  on  your  table ;  for  it  muft  point  to  the 
fame  object  at  laft,  when  laid  on  the  fame  line. 

When  any  very  large  champion  field  is  thus  to  be 
meafured,  it  would  require  the  paper  to  be  often 
changed  ±  to  prevent  this,  ufe  the  following  method. 
Place  the  table  at  every  angle,  and  draw  lines  as 
before  directed  •,  and  meafure  the  fides,  but  do  not 
fet  the  meafured  diftances  upon  thefe  lines,  but  on-. 
3y  write  down  the  length  upon  every  line.  There- 
fore thefe  lines  may  be  drawn  as  long  or  as  fhort  as 
you  will  •,  and  therefore  need  not  run  off  the  table. 
And  when  this  comes  to  be  laid  down,  you  muft 
make  all  the  angles  equal  to  thofe  on  the  table,  and 
all  the  fides  of  fuch  length  as  is  written  upon  them, 

taken 
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taken  from  a  proper  fcale-,  fo  you  fhall  have  the  Fig. 
true  plan  of  the  field.  15. 

When  a  field  has  many  fides,  the  method  of  mea- 
furing  round  about  it,  with  the  plane  table,  will 
be  fubject  to  errors,  by  reafon  there  are  fo  many 
angles  to  be  taken,  and  always  from  different  lines, 
which  multiplies  the  error. 

P  R  O  B.     XV. 

<To  furvey  a  field  with  the  infallible. 

Firfty  from  a  point  within  it,  or  at  any  angle,  as  1 7. 
fuppofe  at  S.     Set  up  marks  at  all  the  corners  of  xg# 
the  field,  as  at  A,  B,  C,  D,  &c.  and  having  af- 
fumed  the  ftation  S,  there  fix  the  inftrument  PQ, 
with  the  paper  of  obfervation  upon  it.  Then  direct 
the  index  to  the  angle  A,  and  from  the  center  of 
the  inftrument  draw  by  its  edge  the  line  1,  the  fame 
way  the  angle  A  lies  from  S.     Then   meafure  the 
diftance  SA,  and  write  that  diftance  on  the  line  1. 
Then  direct  the  index  to  B,  draw  the  line  2  from 
the  center  of   the  inftrument,  the  fame  way  that 
B  lies  from  S;  and  meafure  the  length  SB,  and 
write  its  length  on  the  line  2  upon  the  paper.     In 
the  fame  manner,  the  inftrument  ftill  remaining 
fixt,  direct  the  index  fucceflively  to  all  the  angles 
C,  D,  E,  F,  G  •,  and  draw  as  many  lines  3,  4,  5, 
6,  7,    by   its    edge,    upon    the  paper-,  and   write 
thereon  their  relpective  diftances  SC,  SD,  &c.  mea- 
fured  with  the  chain.     Thus  we  find  SA    16.20, 
SB  10.12,  SC  14.68,  SD  12.90,  SE  7.25,  SF  8.84, 
and  SG  14.65.     Then   all  the  lines   1,   2,  3,   &c. 
will  be  parallel   to  the  lines  SA,  SB,  SC,  &c.  of 
the  field.     And  the  work  is  ready  for  lying  down. 
And  the  procefs  had  been  the  fame,  if  the  ftation 
had  been  in  any  angle. 

C  4  Other- 
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Fig. 
!  3,  Otherwife^  by  going  round  the  field. 

19.       Place  the  inftrument  at  any  angle  A,    and  di- 
rect the  index  to  B,  and  from  the  center  of  the 
paper   draw  the  line    j,  the   fame  way  from  the 
center  that  B  lies  from  A.     Screw  the  index  fail 
upon  the  line  1,  and  remove  to  B,  and  as  you  go, 
rneafure  AB,  "and  write  its  length  on  the  line  1. 
Then  fix  the  inftrument  at  B,  and  turn  it  round 
till  the  index  (by  backlight)  point  to  A  ;  there  fcrew 
the  table  faft,  and  direct  the  index  to  C,  and  draw 
the  line  2  by  its  edge  upon  the  paper,  to  lie  the 
fame   way  from   the  center,  that  C  lies  from  B, 
Then  fcrew  faft  the  index  to  the  line  2,    and  re- 
move to  C,  and  as  you  go  along  rneafure  the  fide 
BC,  and  write  its  length  on  the  line  2.     Fix  the 
inftrument  at  C,  and  turn  it  round  till  the  index 
point  backward  to  B  •,  then  turn  the  index  to  P, 
and  by  its  edge  draw  the  line  3,  and  fcrew  it  faft. 
After  this  manner  proceed  to  all  the  angles  D,  E, 
F,  G  ;  always  obferving,  to  fix  the  index  upon  the 
line  laft  drawn,  and  when  you  come  at  the  next 
angle,  to  fix  the  inftrument,  that  the  index  may 
point  backward  to  the  laft  ftation,  and  then  direct 
the  index  to  the  next  ftation  •,  and  in  going  along, 
rneafure  each  fide,  and  fet  it  upon  its  refpecYive 
line  in  the  paper.     And  note,  at  the  laft  ftation  G, 
the  index  ought  to  point  to  A  if  the  work  be  right. 
Here  AB  is  13.10,  BC6.18,  CI)  17.75,  DE  10.32, 
EF  10.45,  FG  9.00,  GA  8.15.     And  all  the  lines 
1,  2,  3,  &c.  will  be  parallel  to  the  refpeclive  lines 
AB,  EC,  CD,  &c. 

Scholium. 

I  might  now  fhew  how  to  furvey  a  field  by  the 
theodelite,  circumferentor,  femicircle,  geodetical 
ftaft\  &c.  but  as  thefe  inftruments  are  purely  for 
taking  angles,  the  method  whereof  has  been  fhewn 
in  the  firft  Problem  ;  therefore  no  particular  di- 
rections 
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regions  need  be  given  further  for  that  purpofe.Fic* 
And  when  thefe  inftruments  are  fit  to  be  ufed,  will  iq  " 
be  fhewn  in   the  following  Problems,  wherein  are 
explained  the  different  methods  of  furveyinc  anv 
field  or  parcel  of  ground.  &      y 

P  R  O  B.     XVI. 

To  furvey  a  Field  at  one  ftation,  by  meafuring  fever al 
titles  % 

i 

Chufe  fome  angle  in  the  field  for  your  ftation  ia 
from  whence  you  can  fee  all  the  reft  of  the  angles! 
as  at  S.  Then  fet  up  ftation  ftaves  or  marks  at  e 
very  corner  A,  B  C  &c.  Then  placing  the  in- 
ftmment  at  S,  whether  ,t  be  a  Theodolite,  Semi- 
circle, Geodetical  ftaff,  &c.  it  is  the  fame  thinT 
d.reft  the  fixt  fights  to  A,  and  there  fix  the  inftru' 
ment ;  then  direft  the  index  to  B,  fo  tha  th  o'  h" 
fights  you  may  fee  the  mark  at  B  5  and  the  d«nS 
cut  by  the  index,  will  mew  the  angle  ASR  whli! 
et  down  in  the  field  book      Thentrecf  fheTn'd  x 

!n«£  l\c r  u^  thf  degrees  cut  willlh™  the 
angle  ASC    which  fet  down.     In  like  manner  take 

the  angle  ASD,  and  the  reft,  if  there  be  more 
and  fet  all  down.  And  this  way  is  more  exac>  rh™ 
taking  the  angles  ASB,  BSC,  CSD    &c ; 

Then  with  the  chain  meafure  the  fides  and  dif- 
tances  m  this .order SA,  BS,  SC,  DS  ;  fetting  the m 
down  in  the  field  book,  or  writing  them  on  the  Kne 
in  a  rude  draft  of  the  field. 

Or  (bus,  from  a  pint  within. 

When  all  the  angles  cannot  befeenfrom  any  one  2  , 
of  the  angles  of  the  field;  afllime  fome  ftatfon  S 
w.th.n  the  field,  where  the  angles  can  all  be  Jen 
there  place  the  inftrument  at  S,  and  direainitne 

eaf,tghhetS,;,dcAx'  to  CrB    ^  ^^^  t 
rew  tne  index  to    B,  and    turning  it  round     till 

thro'  the  fights  you  fee  the  mark  at°B,  ffi ve  the 


degrees 


"6 
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Fig.  degrees  cut  by  the  index,  for  that  is  the  angle  ASB, 

2 1 .  which  fet  down  in  the  field  book,  or  in  a  rude  draft 
of  the  field.  Then  the  inftrument  remaining  fixt, 
direct  the  index  to  C,  and  the  degrees  cut,  fhew 
the  angle  ASC.  In  the  fame  manner  direct  the  in- 
dex to  all  the  other  corners  D,  E  of  the  field ;  and 
you  will  get  all  the  angles  about  S,  meafured  from 
iht  firft  line  SA,  which  fet  down.  And  this  is  more 
exact,  than  taking  the  angles  ASB,  BSC,  &c.  fin- 
gly.  But  with  fome  inftruments  you  cannot  take 
the  angles  quite  round  from  the  line  S  A  ;  and  there- 
fore you  mud  then  take  the  angles  leparate,  ASB, 
BSC,  CSD,  DSE  and  ESA.  And  to  prove  the 
work,  the  fum  of  all  thefe  angles  ought  to  be  equal 
to  360  degrees.  But  if  the  ftation  S  happens  to  be 
upon  an  eminence,  the  fum  of  all  thefe  angles  will 
be  fomething  lefs  than  360  degrees. 

Having  got  the  angles,  meafure  all  the  diftances 
SA,  SB,  SC,  &c.  with  the  chain.  And  it  is  quick- 
eft  to  meafure  in  this  order,  SA,  BS,  SC,  DS,  SE ; 
that  is,  from  the  inftrument  to  the  firft  corner,  and 
back  from  the  fecond  corner  to  the  inftrument,  and 
fo  on.  Still  one  from  the  inftrument,  and  another 
to  it.  Then  thefe  diftances  rnuft  all  be  fet  down  in 
your  book  or  draft. 

Otherwife^  ly  meafuring  round  the  field. 

22.  Take  your  ftation,  if  you  can,  in  an  angle  or  a 
fide  •,  let  it  be  at  E.  Then  marks  being  placed  at 
A,  B,  C,  D  -,  and  turning  the  fixt  fights  to  A,  fix 
the  inftrument-,  and  direct  the  index  to  B,  and  the 
degrees  cut  will  fhew  the  angle  BEA,  which  note 
down.  Then  turn  the  index  to  C,  and  then  to  D, 
and  note  down  the  degrees  cut,  which  are  the  angles 
AEC,  AED. 

Then   meafure  with  the  chain  all  the  fides  EA, 
AB,  BC,  CD,  and  DE-,  and  fet  them  down. 

Here 
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Here  if  you  take  all  the  angles  atE  feparate,  the  Fig. 
fum  of  them  all  muft  be  equal  to  the  angle  AED,  22. 
if  the  work  be  right.     You  muft  note  whether  the 
angles  at  B,  C,  E,  be  acute  or  obtufe. 

In  all  thefe  methods,  care  muft  be  taken  that  the 
inftrument  be  riot  moved  out  of  its  place,  while 
you  are  working ;  for  if  it  be,  your  angles  will  not 
be  true. 

P  R  O  B.     XVII. 

To  furvey  a  field,  by  meafuring  but  one  line,  and 
taking  the  angles  round  afiout. 

Let  ADF  be  the  field  ;  fet  marks  up  at  all  the  23. 
corners  F,  A,  B,  C,  D,  E  ;  and  chufe  fome  fide, 
or  fome  diagonal  or  line,  to  be  meafured,  fuppofe 
AF.  Then  place  the  inftrument  at  F,  and  take 
the  angles  AFB,  BFC,  CFD,  DFE  •,  and  note  them 
down.  Go  to  A,  and  take  the  angle  FAB.  In 
like  manner  going  round  the  field,  take  the  angles 
FBC,  FCD,  FDE  ;  laftly  meafure  FA.  Then  thefe 
triangles  may  be  laid  down  upon  paper,  one  after 
another,  beginning  at  the  triangle  FAB. 

In  like  manner  any  other  line,  as  FB  or  FC,  may 
be  meafured  inftead  of  FA •,  and  then  the  triangle 
FBC  or  FCD  muft  begin  the  operation. 

Or  thus,  from  a  fiation  In  the  field, 

A  flu  me  the  ftation  S,  and  let  FS  be  meafured.  24. 
Place  the  inftrument  at  S,  and  take  all  the  angles 
round  S,  ASB,  BSC,  CSD,  DSE,  ESF,  and  FSA. 
Then  go  round  the  field,  and  take  the  angles  SAB, 
SBC,  SCD,  SDE,  SFF,  and  SFA.  From  thefe, 
the  field  may  be  laid  down,  beginning  at  the  trian- 
gle SFA. 

And  any  line  AS,  BS,  &c.  may  be  meafured, 
inftead  of  FS  \  if  AS  be  meafured,  then  the  con- 
ftruclion  muft  begin  with  the  triangle  ASB. 

Thefe 


■38  SURVEYING. 

Fig.      Thefe  methods  are  fubject  to  errors,  efpecially 
when  the  number  of  fides  is  very  great. 

F  R  O  B.     XVIII. 

To  furvey  a  field,  by  the  method  of  circulation,  or 
going  round  it. 

25.  Let  ABCDE  be  the  field.  In  this  cafe  we  muft 
reduce  the  field  to  as  few  fides  as  we  can  ;  and 
therefore  where  there  are  any  fmall  bendings,  as  in 
crooked  hedges,  we  muft  take  offsets  by  Prob.  III. 
Therefore  pitch  upon  the  flations,  a9  b9  c,  d,  e,  as 
near  the  hedges  as  you  can  conveniently  come  -, 
and  at  thefe  places  fet  up  ftation  ftaves  with  marks. 
Begin  at  fome  angle  as  a,  and  placing  the  inftru- 
ment  there,  take  the  angle  eab,  which  fet  down  in 
the  field  book.  Then  meafure  from  a  to  b  •,  and 
in  going,  take  the  offsets  at  a,  and  at  /,  g,  h,  /, 
and  at  b,  and  note  them  down  in  the  field  book, 
and  the  length  ab.  Then  place  the  inftrument  at 
I,  and  take  the  angle  r,  and  note  it  down ; 
and  then  meafure  from  b  to  c  \  and  in  your  way, 
take  the  offset  at  b,  and  where  you  touch  the  hedge 
at  ky  and  the  offset  at  c  \  and  fet  them  down. 
Then  at  c  place  your  inftrument,  and  take  the  an- 
gle bed,  which  write  down  ;  and  then  meafure  cd, 
taking  the  offsets  at  c  and  d,  which  write  down. 
Again  place  the  inftrument  at  d,  and  take  the  an- 
gle cde,  and  fet  it  down,  and  the  offset  at  d.  Then 
meafure  from  d  to  e  -,  and  as  you  go,  note  the 
point  /  where  you  touch  the  hedge,  and  the  offsets 
at  m  and  e  \  and  fet  all  down.  Then  fet  the  in- 
ftrument at  e,  and  take  the  angle  dea,  and  fet  it 
down,  take  the  offset  at  e,  and  meafure  from  e  to 
a,  being  a  ftreight  hedge,  and  take  the  offset  at  a. 
Set  all  down,  and  your  work  is  tinifhed. 


In 
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In  your  book  you  muft  note  which  are   inward,  Fig. 
and  which  are  outward  angles.     And  to  prove  your  25. 
work*  add  all  the  angles  together,  and  the  fum 
will  make  twice  as  many  right  angles,  abating  4, 
as  the  field  has  fides,  if  the  work  be  right. 

When  there  are  many  angles  or  fides  in  a  field, 
this  method  is  fubject  to  errors  -,  therefore  it  mould 
not  be  applied,  where  there  are  more  than  6  fides ; 
or  at  leaft  the  field  fhould  be  reduced  to  that  num- 
ber •,  for  the  fewer  fides,  the  more  exact  the  work 
will  be.  For  when  the  number  of  fides  is  very 
great,  the  error  is  multiplied  with  the  number  01 
fides,  becaufe  every  angle  is  taken  from  a  different 
line  •,  and  for  that  reafon  the  draught  will  never 
clofe.  For  when  all  is  laid  down  the  lad  point 
fhould  fall  upon  the  firft,  for  we  end  where  we  be- 
gun ;  and  when  the  plan  does  not  anfwer  that,  it 
mud  be  wrong. 

When  you  cannot  get  an  internal  angle  con- 
veniently, produce  one  of  the  fides  without  the 
field,  and  take  the  external  angle.  And  if  all  the 
angles  be  taken  externally,  the  fum  of  them  ail 
ought  to  be  equal  to  4  right  angles.  And  if  a 
fide  cannot  be  meafured  directly,  it  may  be  done 
by  the  method  of  taking  inacceftible  diftances,  in 
the  laft  Section. 

If  you  make  ufe  of  the  circumferentor  for  taking 
angles,  you  need  only  place  it  at  every  other  an- 
gle. And  the  like  for  any  inftrument,  where  a 
needle  is  made  ufe  of. 

Otberzvife,  by  the  needk. 

When  the  number  of  angles  of  any  piece  of 
ground  is  very  great,  the  method  of  circulation, 
by  taking  the  angles  round  it,  is  impracticable, 
becaufe  there  is  no  fixt  line  to  take  thefe  angles 
from.  In  this  cafe  the  needle  may  be  brought  in, 
to  our  afliftance.     And  here  we  have  no  more  to 

do, 
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Fig.  do,  but  to  go  from  angle  to  angle,  and  take  the 
bearings  of  all  the  fides,  or  the  angles  they  make 
with  the  meridian  *,  and  to  meafure  the  lengths  of 
the  fides. 

26.  Let  ABCDEFGH  be  fome  thick  wood  or  pool 
of  water,  which  we  cannot  furvey  within.  Here 
we  muft  take  all  the  boundaries  on  the  outfide, 
and  reduce  it  to  as  few  fides  as  we  can,  for  greater 
exactnefs ;  as  in  this  field,  where  we  have  but  5 
flations  *,  but  then  we  fhall  have  the  more  offsets 
to  be  meafured.  Therefore  having  fet  up  marks  at 
a,  b,  r,  d,  e,  where  we  take  our  ftations^  begin 
at  any  one  as#,  and  placing  the  compafs  and  needle 
there,  fo  that  the  needle  may  hang  over  the  flower- 
de-luce,  take  the  bearing  of  the  line  aby  and  fet 
down  what  angle  it  makes  with  the  meridian,  and 
which  way  it  lies  in  refpecl:  of  E.  W.  N.  or  S. 
Then  meafure  the  length  ab  to  the  next  ftation,  and 
in  going,  take  the  offsets  at  a,  j,  /,  and  where  it 
touches  the  corner  at  B  ;  and  fet  all  down.  Then 
place  the  compafs  at  b9  and  caufe  the  needle  to  hang 
over  the  flower-de-luce  ;  there  fix  it,  and  take  the 
bearing,  of  the  next  ftation  r,  or  of  the  line 
be  ;  and  then  meafure  be,  and  then  take  the  offsets 
at  by  /,  by  iy  and  where  it  touches  the  corner  at 
C ;  and  fet  thefe  down.  Then  place  the  com- 
pafs at  Cy  dy  and  e  fucceffively  ;  and  take  the  bear- 
ings of  cdy  dey  ec.y  as  before  •,  and  the  offsets  at 
ky  E,  dy  and  at  ;»,  »,  F,  />,  G  ;  alfo  at  the  corners 
H  and  A  5  and  fet  them  all  down  in  the  field  book, 
and  the  work  is  done. 

Care  mufl  by  taken,  that  there  be  no  iron  near 
the  needle,  for  that  will  make  it  deviate  from  the 
meridian.  And  the  inftrument  need  only  be  placed 
at  every  other  angle,  but  then  you  muft  take  the 
bearings  both  ways,  that  is,  of  both  fides  of  the  in- 
clofed  angle,  the  one  forward,  the  other  backward. 

When 
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When  the  furvey  is  done,  if  you  lay  down  everyFig. 
diftance  fingly,  and  the  bearing,  upon  paper;  and  20, 
from  thence  get  the  eafting,  wetting,  northing  or 
fouthing,  and  put  them  into  diftincl:  columns  ; 
then  the  fum  of  the  eaftings  and  of  the  weftings 
muft  be  equal.  And  the  fum  of  the  northings  e- 
qual  to  the  fum  of  the  fouthings  ;  if  the  work  be 
right.  For  it  is  no  more  than  working  a  traverfe 
on  the  land,  by  plain  failing,  as .  it  is  pracYifed  at 
fea. 

Tho'  this  method  is  not  to  be  relied  on,  or  ufed, 
but  in  cafes  of  neceflity,  where  there  is  a  great 
number  of  angles  to  be  taken,   by  reafon  one  can- 
not take  an  angle  with  the  needle,  to  any  great 
exaclnefs  •,  yet ,  there  is  no  greater  error  in  taking 
one  angle,  than  there  is  in  taking  20,  becaufe  they 
are  all  taken  from  the  meridian,  and  therefore  are 
independent  of  one  another.     But  if  it  was  poi- 
fible  to  take  an  angle  as  exactly  with  the  needle 
as  with  another  inftrument,  it  would  be  the  bed 
inftrument  to  furvey  with.     And  as  it  is,  it  has  the 
advantage  of  other  inftruments  in  fuch  cafes  where 
the  number  of  fides  is  very  great.     The  main  dif- 
ficulty  is,  to  fix  the  inftrument  right  by  help   of 
the  needle,   by  which  it  is  to  be  placed  truly  in  the 
meridian  -,    and  to  help   this,  the  needle  mufl:  be 
made  very  long,  and   be  well  touched.     In  ufing 
other  inftruments,  they  are  fixt,  by  directing  the 
index  to  the  laft  ftation,  which  admits  of  greater 
exaftnefs.     For  all  inftruments  with  a  needle,  and 
alfo  the  plane  table,  whether  it  has  a  needle  or 
not,  require  at  every  ftation  to  be  placed  in  the 
fame  pofition,  in  refpect  to  the  meridian,  thro'  all 
the  operations,  which  is  hard  to  do  ;  for  a  needle, 
tho'  never  fo  good,  will  not  always  ftand  at  the 
very  fame  point. 
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it  fuccdnvely  to  all  the  angles  A,  B,  C,  F%. 

-  -  :  - 
dex.     Then  go  to  T.  and  meafure  the  ftarionary 
diftance   ST,  which  let  off  upon  die  table.     L 

z:.t  -  i:  ;  :  -  -.-.-  '..r.t  :7.  ir. :  :  t:z  ::  ::  S,  i-.d 
£x  :-t  :7:.-  :":  T.-.tr.  !iv  ::.t::r:  ::'  :::.-::>; 
to  T,  and  direct  it  lucrefnvery  to  the  lame  angles 
A,  B,  C,  &c  and  draw  lines  from  T  as  before; 

a~:  -;:r   ~:.t:t  :'r.t    :z::.:z  ir.  izr.z    .."t:     ::  :>.::"- 
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7\:  :•"  :  ::::.:-:   :  i.-.-  7  ~i "    :t    :~t:  ~f;  :i-  :« 
ken  in  one  of  the  fides,  as  in  F£  -,  and  then  there 
trill  be  fewer  angks  to  rake.     Or  they  may  be  ta- 
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by  the  intersection  of  lines,  will  be  trceft, 
thr  ir.irrA::  :>.r  :::•:.:  ::  :._-:  --.z"rs.  E_: 
■hey  cut  very  obliquely  as   .:_-..     jch  interfeclioit 
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or  T  A.     And  the  error  of  interfedioa  will  be  red- 
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Fig.  Thus  a  map  of  the  chief  places  in  a  town  may  be 
28.  made ;  or  any  part  of  a  river  furveyed,  &c.  by  ta- 
king two  ftations,  on  two  towers,  or  two  high  hills  ; 
and  thus  inacceflible  places  may  be  meafured  by 
means  of  fcaffolds  erected,  and  fixing  high  poles' 
at  the  angles,  with  flags  of  different  colours  flying 
in  the  air. 

But  in  fuch  cafes,  it  is  beft  to  have  but  a  few 
poles  up  at  once,  as  half  a  dozen  ;  and  when  the 
places  of  thefe  are  determined  on  the  draught,  fix 
them  up  in  frefh  places ;  and  fo  as  many  places 
as  you  will,  may  be  determined,  by  taking  a  few 
at  a  time,  and  repeating  the  fame  work- 
in  ufing  the  plain  table,  it  fometime  happens  that 
the  lines  run  off  the  table ;  in  this  cafe,  move  the 
paper  fo  far  off  the  table,  that  the  laft  ftation  may 
be  a  little  way  upon  it.     Then  take  a  frefh  meet  of 
paper  and  glue  it  to  the  other,  at  that  fide  with 
mouth  glue,  and  fo  faften  them  down.     Then  lay 
a  ruler  upon  that  ftation  and  the  ftationary  line, 
and  prolong  it  upon  the  frefh  paper.    Then  lay  the 
index  upon  the  ftationary  line,  and  turn  the  table, 
till  thro'  the  fights  you  fee  the  laft  ftation  ;  there 
iix  it,  and  proceed. 

P  R  O  B.     XX. 

By  means  of  feveral  ftatkm ',  tofurvey  a  large  com- 
mon, a  river,  a  part  of  a  country,  or  any  hilly  ground. 

When  all  the  angles  of  a  field  or  parcel  of  ground, 
or  all  the  objects  we  want  to  obferve,  cannot  be 
feen  from  one  place ;  then  we  muft  take  fo  many 
ftations,  as  will  fuccefTivcly  difcover  them  all  to  us. 
29.  Let  ADG  be  a  large  common,  or  part  of  i 
country  -,  and  A,  B,  C,  D,  E,  &c.  the  angles  01 
boundaries  of  it,  or  any  remarkable  objects  in  th< 

country 
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country,  as  trees,  towers,  houfes,  mills,  &c.  Take  Fig. 
the  ftations  S,  T,  V,  &c.  upon  fome  hills  or  e-  29. 
minent  places,  from  which  all  the  angles  or  objects 
can  be  feen,  and  at  all  the  places  and  ftations,  fet 
up  long  poles  with  marks.  Suppofe  the  objects 
K,  L,  A,  B,  C  can  be  feen  from  S ;  place  the 
inftrument  at  S  the  firft  ftation,  and  direct  the  fixt 
fights  to  the  fecond  ftation  T,  and  there  fix  the 
inftrument.  Then  take  all  the  angles  round  S, 
as  TSK,  TSL,  TSA,  TSB,  TSC;  and  meafure 
all  the  diftances  SK,  SL,  SA,  SB,  SC,  and  the 
ftationary  diftance  ST  ;  and  fet  all  down.  But  in 
the  plane  table,  fix  the  table  and  direct  the  index 
from  S  to  T,  and  draw  the  ftationary  diftance  ST. 
Then  direct  fucceflively  from  S  to  K,  L,  A,  B,  C  % 
and  draw  lines  on  the  table.  Then  meafure  the 
diftances  SK,  SL,  SA,  SB,  SC,  and  ST,  and  fet 
them  all  upon  their  proper  lines. 

Then  remove  to  your  fecond  ftation  T,  where 
you  can  fee  the  objects  D,  E,  F,  I.  Direct  the 
fixt  fights  to  the  former  ftation  S,  and  fix  the  in- 
ftrument •,  then  take  all  the  angles  from  ST,  as 
STD,  STE,  STF,  SIT ;  and  to  the  next  ftation 
STV,  and  meafure  the  diftances  TD,  TE,  TF, 
TI,  and  TV,  and  fet  all  down.  Or  in  the  plane 
table,  lay  the  index  on  the  ftationary  line  STy  and 
keeping  it  there,  turn  the  table  about,  till  thro* 
the  fights  you  fee  the  former  ftation  S,  there  fix  ir. 
Then  direct  the  index  to  all  the  places  D,  E,  F,  I, 
and  V  ;  and  draw  lines,  on  which  fet  the  diftances 
as  before. 

Then  go  to  a  third  ftation  V,  where  you  can 
fee  the  objects  G,  H.  Then  placing  the  inftru- 
ment at  V,  direct  the  fixt  fights  to  T  the  for-, 
mer  ftation,  and  fix  the  inftrument,  dnd  take  all 
[the  angles  from  TV,  as  TVG,  TVH,  and  to  the 
|next  ftation,  if  there  be   any  more;  and   meafure 

D  2  the 
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Fig.  the  diftances,  VG,  VH  ;  and  fet  all  down.  But 
29.  in  the  plane  table,  lay  the  index  on  the  laft  fta- 
tionary line  VT,  and  turn  the  table  about  till  the 
former  ilation  T  appear  thro'  the  fights,  there  fix 
it.  Then  direct  the  index  fuccefliveJy  to  G  and  H, 
and  draw  lines,  on  which  fet  the  meaiured  diftances, 
VG,  VH  as  before. 

And  in  general  when  any  ftationary  line  is  drawn 
on  the  table,  and  you  come  to  a  new  ftation,  lay 
the  index  upon  that  ftationary  line,  and  turn  the 
table,  till  thro'  the  fights  you  fee  the  ftation  laft 
come  from,  and  there  lcrew  it  fail,  and  proceed. 

And  after  this  manner,  if  there  be  more  objects 
undetermined,  you  muft  take  new  ftations,  and  fo 
proceed,  till  all  is  finiftied. 

Then  from  all  thefe  angles  and  diftances  given, 
the  whole  work  is  eafily  laid  down  by  rule  and 
compafs,  and  the  plan  or  map  defcribed.  But  when 
it  is  taken  by  the  plain  table,  it  is  defcribed  al- 
ready, by  the  operations  on  the  table.  And  if  it 
be  a  field,  lines  muft  be  drawn  from  A  to  B,  from 
B  to  C,  &c. 

At  every  ftation  when  the  inftrument  is  fixt,  take 
<:are  it  be  not  moved  out  of  its  place,  till  all  the 
work  at  that  ftation  be  done  ;  which  you  may  know 
by  obferving  fome  remarkable  object  thro'  the  fixt 
fights  ;  for  that  objeel:  ought  always  to  appear  there. 
Or  on  the  table  by  drawing  a  line  ;  or  making  a 
mark,  by  the  edge  of  the  index.  For  then  the 
index  being  laid  to  that  mark,  that  objeel  ought 
always  to  appear  thro'  the  lights. 

If  there  be  fome  of  the  objects  which  cannot  be 

itcn   from  any   of  the  former  ftations,  then  new 

ftations  muft  be  taken  from  which  they  can  be  {cen. 

Kemembring  to  take  their  diftances,  and   angle* 

or  pofitions^,  from  fome  of  the  other  ftations. 

If 
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If  fome   of  the  objects  can  be  feen  from  two  Fig. 
adjoining  ftations,  as  1  from  both  T  and  V,  then  29. 
the  angles  may  be  taken  from  both  ftations  (ITV 
and  IVT)  •,   which  will  fave  the  labour  of  mea- 
furing  to  fuch  objects,  the  diftances  TJ,  VI. 

In  the  plain  table,  when  any  ftation  line  runs  oft 
the  table,  take  off  the  paper  and  glue  another  pa- 
per to  it  with  mouth  glue ;  on  this  produce  that 
ftation  line  to  its  proper  length.  Then  fatten  the 
paper  on  the  table,  with  the  former  ftation  near 
the  edge  of  the  table  -,  and  laying  the  index  on 
the  new  ftationary  line,  turn  the  table  about,  till 
you  fee  the  laft  ftation  come  from,  thro'  the  fights  -, 
there  fix  it  and  proceed. 

It  will  be  proper  always  to  take  an  eye  draught 
of  the  field  or  country,  upon  paper,  before  you 
begin  your  work.  And  all  your  meafures  muft  be 
written  down  in  this  rough  draught.  Or  elfe  they 
muft  be  written  regularly  in  a  field  book  on  purpoie, 

P  R  O  B.     XXL 

Tofurvey  a  lord/hip^  or  large  eftate  of  land. 

If  the  eftate  be  very  large,  and  contains  a  great 
number  of  fields  ♦,  it  cannot  be  done  by  lurveying 
all  the  fields  fingly,  and  then  putting  them  toge- 
ther ;  nor  can  it  be  done  by  taking  all  the  angles 
and  boundaries  that  inclofe  it.  For  in  thefe  cafes* 
any  fmall  errors  will  be  fo  multiplied  as  to  render 
it  very  much  diftorted. 

1 .  Walk  over  the  lordfhip  two  or  three  times, 
in  order  to  get  a  perfect  idea  of  it,  and  till  yOu  can 
carry  the  map  of  it  in  your  head.  And  to  help 
your  memory,  draw  an  eye  draught  of  it  on  paper, 
to  guide  you,  or  at  leaft,  of  the  principal  parts 
of  it. 

D  2  2.  Choofe 
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Fig.  2.  Choofe  two  or  more  eminent  places  in  the 
29.  eftate,  for  your  ftations,  from  whence  you  can  fee 
all  the  principal  parts  of  it ;  and  the  fewer  ftations 
you  have  to  command  the  whole,  the  more  exact 
your  work  will  be ;  and  let  thefe  ftations  be  as  far 
diftant  from  one  another  as  poflible ;  and  they  will 
be  fitter  for  your  purpofe,  if  thefe  ftationary  lines 
be  in  or  near  the  boundaries  of  the  ground,  and 
efpecially  if  two  lines  or  more  proceed  from  one 
ftation. 

3.  Take  what  angles,  between  the  ftations  you 
think  necefTary,  and  meafure  the  diftances  from 
ftation  to  ftation,  always  in  a  right  line  ;  thefe  things 
muft  be  done,  till  you  get  as  many  angles  and  lines 
as  are  furlicient  for  determining  all  your  points  of 
ftation.  And  in  measuring  any  of  thefe  ftationary 
diftances,  mark  accurately  where  thefe  lines  meet 
with  any  hedges,  ditches,  roads,  lanes,  paths,  ri- 
vulets, &c.  and  where  any  remarkable  object  is 
placed,  by  meafuring  its  diftance  from  the  ftation- 
ary line  *,  and  where  a  perpendicular  from  it  cuts 
that  line.  And  always  mind,  in  any  of  thefe  ob- 
fervations,  that  you  be  in  a  right  line,  which  you 
will  know  by  taking  backfight  and  forefight,  along 
your  ftationary  line  ;  which  you.  muft  never  omit. 
And  thus  as  you  go  along  any  main  ftationary  line, 
take  offsets  to  the  ends  of  all  hedges,  and  to  any 
pond,  houfe,  mill,  bridge,  &c.  omitting  nothingthat 
is  remarkable,  and  all  thefe  things  muft  be  noted 
down,  for  thefe  are  your  data^  by  which  the  places 
of  fuch  objects  are  to  be  determined  upon  your 
plan.  And  be  fure  to  fet  marks  up  at  the  interfec- 
tions  of  all  hedges  with  the  ftationary  line,  that  you 
may  know  where  to  meafure  from,  when  you  come 
to  furvey  thefe  particular  fields,  which  muft  imme- 
diately be  done,  as  foon  as  you  have  meafured  that 
ftationary  line,  whilft  they  are  frefh  in  memory. 
Bv  ti;is  means  all  your  ftationary  lines  are  to  be 

meafured, 


Sett.  I.        SURVEYING.        49 

meafured,  and  the  fituation  of  all  places  adjoining  Fig. 
to  them  determined,  which  is  the  firfl  grand  point 
to  be  obtained.     1  would  have  you  lay  down  your 
work  upon  paper  every  night,  when  you  go  home, 
that  you  may  fee  how  you  go  on. 

4.  As  to  the  inner  parts  of  the  eftate,  they  muft 
be  determined  in  like  manner,  by  new  ftationary 
lines.  For  after  the  main  ftations  are  determined, 
and  every  thing  adjoining  to  them ;  then  the  eftate 
muft  be  fubdivided  into  two  or  three  parts  by  new 
ftationary  lines  ;  taking  inner  ftations  at  proper 
places,  where  you  can  have  the  beft  view ;  and 
meafure  thefe  ftationary  lines  as  you  did  the  firft, 
and  all  their  interferons  with  hedges,  and  all  off- 
fets  to  fuch  objects  as  appear  *,  then  you  may  pro- 
ceed to  furvey  the  adjoining  fields,  by  taking  the 
angles  that  the  fides  make  with  the  ftationary  line, 
at  the  interfections,  and  meafuring  the  diftances  to 
each  corner,  from  the  interferons.  For  every  fta- 
tionary line  will  be  a  bafis  to  all  the  future  opera- 
tions •,  the  fituation  of  all  parts  being  entirely  de- 
pendent thereon  \  and  therefore  they  (hould  be  ta- 
ken as  long  as  pofiible ;  and  are  beft  to  run  along 
fome  of  the  hedges  or  boundaries  of  one  or  more 
fields,  or  to  pafs  through  fome  of  their  angles.  All 
things  being  determined  for  thefe  ftations,  you  muft 
take  more  inner  ftations,  and  continue  to  divide 
and  fubdivide  -9  till  at  laft  you  come  to  fingle  fields ; 
repeating  the  fame  work  for  the  inner  ftations,  as 
for  the  outer  ones,  till  all  be  done.  And  clofe  the 
work  as  oft  as  you  can,  and  in  as  few  lines  as  pof- 
fible.  And  as  it  may  require  fome  judgment  to 
chufe  ftations  the  moft  conveniently,  To  as  to  cauie 
the  lead  labour  •,  let  the  ftationary  lines  run  as  far  as 
you  can  along  fome  hedges,  thro'  as  many  corners 
of  the  fields,  and  other  remarkable  points,  as  you 
can.     And  take  notice  how  one  field  lies  by  ano- 

D  4  ther; 


50  SURVEYING. 

Fig.ther;    that    you   may  not  mifplace  them  in  the 
draught. 

5.  An  eftate  may  be  fo  fituated,  that  the  whole 
cannot  be  furveyed  together ;  becaufe  one  part  of 
the  eftate  cannot  be  feen  from  another.  In  this  cafe, 
you  may  divide  it  into  three  or  four  parts,  and 
furvey  the  parts  feparately,  as  if  they  were  lands 
belonging  to  different  perfons  j  and  at  laft  join  them 
together. 

6.  As  it  is  neceffary  to  protact  or  lay  down  your 
work  as  you  proceed  in  it,  you  muft  have  a  fcale 
of  a  due  length  to  do  it  by.  To  get  fuch  a  fcale, 
you  muft  meafure  the  whole  length  of  the  eftate  in 
chains ;  then  you  muft  confider  how  many  inches 
long  the  map  is  to  be  ;  and  from  thefe  you  will 
know  how  many  chains  you  muft  have  in  an  inch, 
and  make  your  fcale,  or  chufe  one  already  made, 
accordingly. 

7.  The  trees  in  every  hedge  row  muft  be  placed 
in  their  proper  fituation,  which  is  foon  done  by  the 
plane  table  ;  but  may  be  done  by  the  eye  without 
an  inftrument ;  and  being  thus  taken  by  guefs,  in 
a  rough  draught,  they  will  be  exact  enough,  be- 
ing only  to  look  at  \  except  it  be  fuch  as  are  at  any 
remarkable  places,  as  at  the  ends  of  hedges,  at 
ftiles,  gates,  &x.  and  thefe  muft  be  meafured.  But 
all  this  need  not  be  done  till  the  draught  be  finish- 
ed. And  obferve  in  all  the  hedges,  what  fide  the 
gutter  is  on,  and  to  whom  the  fences  belong. 

8.  When  you  have  long  ftations,  you  ought  to 
have  a  good  inftrument  to  take  angles  with,  which 
mould  be  exact  to  a  quarter  of  a  degree  at  leaft  ; 
and  hardly  any  common  furveying  inftrument  will 
come  nearer.  And  tho'  the  plane  table  is  not  at  all 
a  proper  inftrument  to  furvey  a  whole  lordfhip  with  •, 
yet  it  may  very  properly  be  made  ufe  of,  to  take 
the  feveral  fmall  internal  parts  -3  and  fuch  as  cannot 

be 
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be  taken  from  the  main  ftations;  and  is  a  very  quickFig. 
and  ready  infcrument. 

Example. 

Walking  over  the  lordfhip,  I  pitch  upon  the  four  30. 
ftations  A,  B,  C,  D,  from  which  I  can  command 
the  greater!  part  of  it,  there  I  fet  up  marks.  Then 
I  meafure  along  AB,  which  is  a  right  line,  and  the 
boundary  on  one  fide  of  the  land.  In  meafuring  a- 
long,  I  fet  down  the  diftances  meafured,  when  I 
come  at  the  corners  of  the  fields  <z,  a^  a,  a,  where 
the  hedges  come  in,  and  likewife  where  I  crofs  the 
brook  bb.  Then  having  got  to  B,  I  fet  down  the 
whole  length  of  AB. 

Next  I  meafure  from  B  to  C,  and  in  my  way,  I 
fet  down  how  far  I  have  meafured  when  I  crofs  the 
hedges  at  <:,  r,  c,  c •,  and  likewife  where  I  crofs  the 
brook  bb  again.  Thus  1  meafure  forward  till  I  come 
at  C,  and  then  I  fet  down  the  length  of  the  flati- 
onary  line  BC. 

After  the  fame  manner  I  meafure  along  the  fla- 
tionary  line  CA,  obferving  to  fet  down  the  inter- 
fections  with  the  hedges,  as  before ;  till  I  come  at 
A,  where  I  fet  down  the  length  of  CA.  Then 
the  three  points  A,  B  and  C,  are  determined ;  and 
may  be  laid  down  in  the  plan  ;  and  all  the  fore* 
faid  points. 

Being  come  to  A  again,  I  go  from  A  towards  B, 
and  in  my  way  I  furvey  every  fmgle  field  adjoining 
to  the  ftationary  line  AB.  To  do  which  the  fhon> 
eft  way,  I  take  the  angles  at  every  interferon  a> 
that  the  fides  of  each  field  makes  with  the  ftation- 
ary line  AB  •,  and  then  I  meafure  their  lengths  •, 
by  which  every  field  is  eafily  laid  down.  In  the 
fame  manner  I  proceed  from  B  to  C,  and  meafure 
every  field  adjoining  to  BC.  And  then  I  go  to  A, 
and  meafure  every  field  in  my  way  thither. 

Next 
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Fig.  Next  I  go  from  A  towards  D,  and  fet  down  as 
30.  before,  all  my  crofllng  of  the  hedges  -,  and  the 
length  AD,  when  I  come  at  D.  And  in  like  man- 
ner, I  meafure  along  DC,  letting  down  all  the 
erodings  of  the  hedges  as  before,  with  whatever 
elfe  is  remarkable,  as  where  a  highway  crofTes  at  d. 

Having  finifhed  all  the  main  ftations,  we  muft 
begin  to  make  inner  ftations.  Therefore  I  take 
F  and  G  for  two  ftations,  being  in  the  lines  AB  and 
BC,  the  hedges  from  F  to  G  running  almoft  ftreight ; 
then  I  meafure  from  F  towards  G,  and  at/,  I  find 
a  hedge  going  to  the  left,  and  going  on  to  £,  I  find 
another  hedge  going  to  the  right ;  and  at  h  I  crofs 
the  burn.  At  i  there  is  an  angle,  to  which  I  make 
an  offset.  Going  on  further  1  come  at  a  crofs  hedge 
/  going  to  the  right  5  and  then  meafure  on  to  G  the 
end  of  the  ftation.  Now  in  going  from  F  to  G, 
we  can  take  all  the  angles  that  the  fides  of  the  fields 
make  with  the  ftationary  line  FG,  and  then  mea- 
fure their  lengths  ;  by  which  thefe  fields  may  be 
laid  down  on  paper. 

Then  I  take  another  inner  ftation  at  I,  and  mea- 
furing from  A  to  0,  I  come  to  the  oppofite  corner 
of  the  field  \  then  meafuring  on  to  />,  I  crofs  a 
hedge  •,  then  I  proceed  to  my  ftation  I.  Then  I 
meafure  from  I  to  F,  and  take  an  offset  to  n  where 
the  hedge  croffes  the  brook.  Then  I  come  to  the 
corner  of  the  laft  field  at  m ;  and  then  meafure  to 
the  oppofite  corner  at  F,  the  other  ftation.  In  your 
going  from  A  to  I,  you  may  take  the  angles  that 
the  hedges  make  with  your  ftationary  line  A  I,  and 
meafure  thefe  hedges,  and  then  they  may  be  laid 
down.     And  the  like,  in  going  from  1  to  F. 

All  this  being  done,  take  a  new  ftation  H,  and 
meafuring  from  B  towards  H,  all  the  hedges  lie  al- 
moft in  a  right  line.  So  going  along  we  come  at  a 
crofs  hedge,  and  going  further  we  come  at  a  tree, 
in  the  hedge  we  meafure  along;  going  further  we 

come 
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come  at  two  other  crofs  hedges  •,  and  a  piece  fur- Fig. 
ther  we  crofs  the  brook,  going  on  we  come  at  a  30. 
crofs  hedge  ;  going  on  ftill  we  come  at  another  crofs 
hedge  •,  all  thefe  hedges  are  to  the  left.  Then  go- 
ing on  ftill  further,  we  have  a  windmill  to  the  right; 
and  afterwards  a  crofs  hedge  to  the  left,  and  then 
we  meafure  on  to  the  ftation  H.  Then  meafuring 
from  H  towards  C,  we  have  a  houfe  on  the  left ; 
and  then  go  on  to  C.  And  the  fields  may  be  all 
furveyed  as  you  go  along  BH  and  HC,  and  then 
laid  down.  And  after  this  manner  you  muft  pro- 
ceed thro'  the  whole,  taking  new  ftations,  till  all 
be  done. 

P  R  O  B.    XXII. 

5T<?  furvey  a  whole  county \  or  large  tratt  of  land. 

1.  Chufe  two,  three  or  four  eminent  places  for 
ftations,  fuch  as  the  tops  of  high  hills  or  mountains, 
towers,  or  church  lteeples,  which  may  be  feen  from 
one  another ;  and  from  which  moil  of  the  towns, 
and  other  places  of  note,  may  alfo  be  feen.  And 
let  them  be  as  far  diftant  from  one  another  as  pofll- 
ble.  Upon  thefe  places  raife  beacons,  or  long  poles, 
with  flags  of  different  colours  flying  at  them  \  fo  as 
to  be  vifible  from  all  the  other  ftations. 

2.  At  all  the  places,  which  you  would  put  down 
in  the  map,  fet  up  long  poles  with  flags  at  them  of 
feveral  colours,  to  diftinguifh  the  places  from  one 
another  •,  fixing  them  upon  the  tops  of  church 
fteeples,  or  the  tops  of  houfes,  or  in  the  centers  of 
lefler  towns.  But  you  need  not  have  thefe  marks 
at  many  places  at  once,  as  fuppofe  half  a  fcore  at  a 
time.  For  when  the  angles  have  been  taken,  at 
the  two  ftations,  to  all  thefe  places,  the  marks  may 
be  moved  to  new  places;  and  fo  fuceefiively  to  all  the 
places  you  want.  Thefe  marks  then  being  fet  up 
at  a  convenient  number  of  places,  and  fuch  as  may 

be 
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Fig.  be  feen  from  both  ftations  ;  go  to  one  of  thefe  na- 
tions ;  and  with  an  inftrument  to  take  angles,  Hand- 
ing at  that  ftation,  take  all  the  angles  between  the 
other  ftation,  and  each  of  thefe  marks,  obfervingt 
which  is  blue,  which  red,  &c.  and  which  hand  they 
lie  on  ;  and  fet  all  down  with  their  colours.  Then 
go  to  the  other  ftation,  and  take  all  the  angles  be- 
tween the  firft  ftation,  and  each  of  the  former  marks, 
and  fet  them  down  with  the  others  ;  each  againft 
his  fellow  with  the  fame  colour.  You  may  if  you 
can,  alfo  take  the  angles  at  fome  third  ftation,  which 
may  ferve  to  prove  the  work,  if  the  three  lines  in- 
tersect in  that  point,  where  any  mark  ftands.  The 
marks  muft  ftand  till  the  obfervations  are  finifhed 
at  both  ftations  -,  and  then  they  muft  be  taken  down, 
and  fet  up  at  frefh  places.  And  the  fame  operati- 
ons muft  be  performed,  at  both  ftations,  for  thefe 
frelh  places ;  and  the  like  for  others.  Your  inftru- 
ment for  taking  angles,  muft  be  an  exceeding  good 
one,  made  on  purpofe  with  telefcopic  fights  •,  and 
of  three,  four  or  five  feet  radius.  A  circumferen- 
tor  is  reckoned  a  good  inftrument  for  this  purpofe. 
3.  And  tho'  it  is  not  abfolutely  necefiary  to  mea- 
fure  any  diftance,  becaufe  any  ftationary  line  being 
laid  down  from  any  fcale,  all  the  other  lines  will  be 
proportional  thereto.  Yet  fome  of  the  lines  had 
better  be  meafured,  to  afcertain  the  diftances  of 
places  in  miles  ;  and  to  know  how  many  geometri- 
cal miles  there  are  in  any  length  •,  and  from  thence 
to  make  a  fcale  to  meafure  any  diftance  in  miles. 
In  meafuring  any  diftance,  it  will  not  be  exact  e- 
nough  to  go  along  the  high  roads,  by  reafon  of 
their  turnings  and  windings  j  and  hardly  ever  lying 
in  a  right  line  between  the  ftations,  which  muft 
caufe  infinite  reductions,  and  create  endlefs  trouble 
to  make  it  a  right  line  -9  for  which  reafon  it  can  ne- 
ver be  exact.  But  a  better  way  is  to  meafure  in  a 
right  line  with  a  chain,  between  ftation  and  ftation, 

over 
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over  hills  and  dales  or  level  fields,  and  all  obfta-Fig. 
cles.  Only  in  cafe  of  water,  woods,  towns,  crags, 
rocks,  banks,  &c.  where  one  cannot  pafs ;  fuch 
parts  of  the  line  muft  be  meafured  by  the  methods 
of  inacceflible  diftances  ;  and  befides,  allowing  for 
afcents  and  defcents,  when  we  meet  with  them. 
And  a  good  compafs  that  fhews  the  bearing  of  the 
two  ftations,  will  always  direct:  you  to  go  {freight, 
when  you  do  not  fee  the  two  ftations ;  and  in  your 
progrefs,  if  you  can  go  ftreight,  you  may  take  ofF- 
fets  to  any  remarkable  places.  Like  wife  note  the 
interferon  of  your  ftationary  line  with  all  roads, 
rivers,  &c. 

4.  And  from  all  your  ftations,  and  in  your  whole 
progrefs,  be  very  particular  in  obferving  Tea  coafts, 
rivers  mouths,  towns,  caftles,  houfes,  churches, 
wind-mills,  water-mills,  trees,  rocks,  fands,  roads, 
bridges,  fords,  ferries,  woods,  hills,  mountains, 
rills,  brooks,  parks,  beacons,  iluices,  floodgates, 
locks,  &c.  and  in  general  all  remarks  or  rarities. 

5.  After  you  have  done  with  your  firft  and  main 
ftationary  lines,  which  command  the  whole  county ; 
then  you  muft  take  inner  ftations,  at  fome  places 
already  determined,  which  will  divide  the  whole 
into  feveral  partitions  :  and  from  thefe  ftations  you 
muft  determine  the  places  of  as  many  of  the  re- 
maining towns  as  you  can.  And  if  any  remain  in 
that  part,  you  muft  take  more  ftations,  at  fome 
places  already  determined  •,  from  which  you  may 
determine  the  reft.  And  thus  we  muft  go  thro'  all 
the  parts  of  the  county  ;  taking  ftation  after  fta- 
tion,  till  we  have  determined  all  we  want.  And  in 
general,  the  ftationary  diftances  muft  always  pafs 
thro'  fuch  remarkable  points  as  have  been  deter- 
mined before,  by  the  former  ftations. 

6.  Laftly,  the  pofition  of  the  ftationary  line  you 
meafure,  or  the  point  of  the  compafs  it  lies  on, 
muft  be  determined  by  aftronomical  obfervation. 

Hang 
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pig.  Hang  up  a  thread  and  plummet  in  the  fun,  and  ob- 
ferve  when  the  fhadow  runs  along  that  ftationary 
line ;  and  at  that  moment  take  the  fun's  altitude  ; 
then  having  his  declination,  and  the  latitude  •,  the 
azimuth  will  be  found,  by  cafe  nth  of  oblique 
fpherical  triangles.  And  the  azimuth  is  the  angle 
the  ftationary  line  makes  with  the  meridian ;  and 
therefore  a  meridian  may  ealily  be  drawn  thro'  the 
map. 

Or  a  meridian  may  be  drawn  thro*  it  by  hanging 
up  two  threads  in  a  line  with  the  pole  ftar,  when  he 
is  juft  north,  which  may  be  known  from  the  aftro- 
nomical  tables.  Or  thus,  obferve  the  ftar  Allioth^ 
or  that  in  the  rump  of  the  great  bear  (being  that 
next  the  fquare) ;  or  elfe  Cqffiop eta's  hip ;  I  fay, 
obferve  by  a  line  and  plummet  when  either  of  thefe 
ftars  and  the  pole  ftar  come  into  a  perpendicular ; 
and  at  that  time  they  are  full  north.  Therefore  two 
perpendicular  lines  being  fixt  at  that  moment,  to- 
wards thefe  two  ftars,  will  give  the  pofition  of  the 
meridian. 

County  furveying  is  by  far  the  moft  difficult 
part  of  furveying ;  for  the  ftations  are  fo  long  and 
fo  many,  that  if  the  inftrument  to  take  the  angles, 
be  not  very  accurate,  great  errors  will  be  commit- 
ted ;  efpecially  after  fo  many  repetitions  of  taking 
angles,  at  fo  many  different  ftations.  And  to  mea- 
fure  all  the  roads  and  diftances  of  places,  would  be 
an  endlefs  labour,  and  beiides  they  would  not  be 
exact ;  for  no  road  leading  from  one  place  to  ano- 
ther, goes  in  a  right  line ;  fo  that  any  one  of  them, 
muft  meafure  to  more  confiderably  than  what  it 
Is.  Therefore  I  cannot  find  that  any  better  me- 
thod can  be  practifed,  than  what  is  here  laid  down. 
For  if  a  ftationary  diltance,  fufficiently  long  be  kt 
out  and  meafured  for  a  bafe ;  and  the  angles  taken 
from  thefe  two  ftations,  to  all  the  places  that  can  be 
feen-,  the  fituation  of  thefe  places  w ill  be  had  more 

exactly 
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exactly  than  by  any  other  method.  But  when  weFig. 
go  to  thefe  fecond  ftations  to  take  angles,  more 
care  is  required  ;  and  more  ftill,  if  we  go  to 
third,  or  fourth  ftations,  or  farther.  So  that  we 
had  need  to  have  good  inftruments  to  perform  this. 
All  this  is  a  work  of  time  and  expence. 

P  R  O  B.     XXIII. 

To  furvey  a  city  or  great  town. 


Suppofe  ABCDEFG  be  feveral  ftreets  in  any  town  3 
or  city,  which  you  want  to  furvey.  Begin  at  the 
meeting  of  two  or  more  of  fome  of  the  principal 
ftreets,  along  which  you  can  have  the  longeft  prof- 
peel:,  for  getting  the  longeft  ftationary  diftances. 
Let  B  be  the  firit  ftation  •,  then  along  thefe  ftreets 
BC  and  BF,  as  far  as  you  can  fee,  caufe  two  men. 
to  ftand  for  marks  \  or  rather  fet  up  ftation  ftaves 
in  wood  pedeftals.  Then  with  your  inftrument 
placed  at  B,  take  the  angle  CBF,  which  note  down. 
Then  let  the  mark  at  F  be  carried  to  B,  and  the 
mark  at  C  to  D.  Then  you  muft  obferve  at  B  a 
ftreet  running  off  to  the  right ;  and  going  along 
BC,  meafuring  with  a  chain  of  50  feet  long,  you 
come  to  a  ftreet  at  h  on  the  left  hand,  fet  that  down, 
and  how  far  you  have  meafured  ;  and  proceeding 
on  to  C,  fet  down  the  length  of  BC  in  your  book 
of  obfervations. 

Then  planting  the  inftrument  at  C,  take  the 
angle  BCD,  and  fet  it  down.  Then  let  the  mark 
at  B  be  brought  to  C,  and  that  at  D  to  E,  and 
obferve  at  C  a  ftreet  running  off  to  the  right;  then 
meafure  along  from  Cto  D;  and  at  m  you  come 
to  two  ftreets  going  off,  one  to  the  lefr,  the  other 
to  the  right  •,  then  meafure  along  to  D,  and  fet  all 
down. 

Plant 
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Fig.     Plant  the  inftrument  at  D,  and  take  the  ano-Je 

31.  CDE,  and  meafure  along  from  D  to  E,  and  at  E 

you  have  a  ftreet  going  to  the  right,  and  fet  all 

down.     Bring  the  marks  from  C  to  D,  and  from  E 

to  F. 

Place  the  inftrument  at  E,  and  take  the  angle 
DEF,  which  fet  down.  Then  carry  the  marks 
from  D  to  E,  and  from  F  to  B ;  and  meafure  along 
EF,  and  you  come  to  two  ftreets  at  n,  one  on  the 
right,  the  other  on  the  left,  which  fet  down  ;  then 
meafure  to  F,  where  you  have  a  ftreet  going  to  the 
right  -,  fet  all  down. 

Laftly,  place  the  inftrument  at  F,  and  take  the 
angle  EFB,  which  fet  down  ;  and  at  F  you  have  a 
ftreet  going  to  the  right.  Meafure  from  F  to  B, 
and  in  your  way  you  have  two  ftreets  at  p,  one  on 
the  right,  and  the  other  on  the  left ;  fet  them  down 
and  proceed  to  B  -,  and.  fet  down  the  length  FB, 
and  then  you  arrive  at  B  where  you  begun  ;  fo  that 
part  of  the  furvey  is  finifhed. 

After  the  fame  manner  the  part  ABFG  muft  be 
furveyed,  taking  the  angles  at  A  and  B,  at  F  and 
G  ;  and  meafuring  the  diftances  AB,  BF,  FG  and 
GA.  And  fo  you  muft  proceed  piece  by  piece,  by 
this  method  of  circulation,  till  the  whole  be  finifh- 
ed. And  all  the  parts  muft  at  laft  be  joined  toge- 
ther, in  their  true  fituations. 

Obferve  in  every  part  to  take  in  as  much  of  the 
town  as  you  can  at  a  time  ;  and  to  clofe  (that  is,  to 
come  round  to  the  fame  point  again)  with  the  few- 
eft  fides  or  ftations  you  can,  not  exceeding  5  or  6, 
if  you  can  help  it  •,  for  the  more  fides  the  lefs  exact. 
Your  chain  muft  be  50  feet  long,  a  link  to  a  foot. 

At  every  ftation,  and  at  other  places  where  it  is 
neceffary,  meafure  the  breadth  of  the  ftreets,  tak- 
ing them  as  offsets  •,  and  as  you  go  along,  take  off- 
fets  to  all  remarkable  places,  on  the  right  and  left, 
and  to  all  ends  of  ftreets,  and  to  all  turnings  and 


corners  ; 
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ners  ;  and  this  muft  be  done  with  a  rod  10  feet  Fig. 
g  divided  into  feet ;  for  all  thefe  meafures  muft  3;. 
taken,  and  laid  down  in  feet  •,  and  fet  all  down 
ularly  in  your  iurvey  book.     And  to  help  your 
mory,    it  will  be  convenient   to  have  an  eye 
ught  of  each  part  of  the  town,  as  youfurveyit; 
1  always  take  notice  what  way  you  go  about, 
having  thus  taken  your  high  ftreets,  you  may 
the  fame  manner  proceed  with  the  other  fmall 
:ets  and  lanes,  noting  down  in  your  book,  or 
:  draught,  the  offsets,  as  you  find  them  to  the 
ht  or  left. 

Four  high  ftreets  and  crofs  ftreets  being  taken, 
.1  muft  take  the  meafures  of  the  houfes  to  the 
nt,  and  the  breadth  of  them,  with  your  rod  ; 
I  the  di mentions  of  courts  and  alleys,  letting  them 
wn  in  your  draught.  You  muft  be  very  exact 
1  curious  in  taking  the  dimenfions  of  churches, 
:  fteeple,  the  buttrefies,  &c.  And  likewife  halls, 
srof  court,  colleges,  eminent  houfes,  &:c. 


SECT. 
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SECT.      II. 

Of  Planning  or  Plotting  of  Ground  $ 
and  of  Cajiing  up,  Dividing^  Re- 
ducing^ &c. 

PROB,    I. 
7o  make  afcale  to  lay  down  any  plan  with. 

22.  TJ^  I R  3  T  confider  the  bignefs  of  your  fcale,  or 
\}  how  many  equal  parts  you  will  have  in  an  inch. 
Then  draw  the  indefinite  line  AB,  and  two  more  pa- 
rallel thereto,  the  one  very  near.  Then  take  what 
length  you  defign  for  10  in  your  compafies ;  run  over 
the  line  AB,  with  the  compafies,  as  many  of  thefe 
lengths  as  you  pleafe.  Divide  the  firft  part  at  A 
into  10  equal  parts  ;  and  at  all  the  other  points  of 
divifion,  write  o,  10,  20,  30,  40,  &c.  continued 
as  far  as  you  have  occafion  for.  And  at  the  end* 
of  the  fcale,  and  at  all  the  points  of  divifion,  draw 
perpendiculars  to  AB,  thro*  all  the  three  parallels, 
and  the  fcale  is  finifhed. 

The  ufe  is  this  ♦,  take  the  length  of  any  line  yoi 
want,  to  lay  down,  off  the  fcale  in  your  compafies, 
and  lay  it  upon  any  line  in  your  plan,  which  you 
want  it  fet  off  upon,  by  fetting  the  compafies  upon 
it ;  and  it  will  reach  to  the  point  required. 

And  if  you  want  to  mealure  any  line  uponyow 
plan  ;  take  the  length  of  that  line  in  your  com- 
pafies, and  apply  it  to  the  fcale,  and  it  will  (hew 
you  the  length. 

There! 
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There  are  other  forts  of  fcales,  as  diagonal  fcales,  Fig. 
where  an  inch  or  half  an  inch,  is  divided  into  ioo  32. 
parts ;  but  thefe  are  fo  well  known,  that  I  need 
fay  no  more  about  them. 

If  you  have  taken  a  furvey,  and  want  to  put  it 
into  a  map  •,  you  cannot  lay  it  down,  in  the  bounds 
intended,  without  a  proper  fcale ;  and  it  will  be 
difficult  to  light  of  one  of  a  proper  length  already 
nade  -,  and  therefore  you  muft  be  obliged  to  make 
>ne  yourfelf. 

P  R  O  B.     II. 

To  projift  or  draw  the  plot  of  a  triangular  field. 

If  the  field  has  been  meafured  with  the  chain ;  n. 
len  you  have  all  the  fides  of  the  triangle  ABC  in 
hains,  in  your  field  book.  Therefore  draw  any 
ne  AC  for  the  bafc  •,  and  take  the  length  of  it 
ith  your  companies  from  the  fcale,  and  fet  it  from 
.  to  C.  Then  take  the  length  of  AB  from  the 
ale,  and  fetting  one  foot  in  A,  defcribe  an  arch 
wards  B.  Then  take  the  third  fide  BC  from  the 
lie,  in  your  compaffes,  and  fetting  one  foot  in  C> 
ofs  the  former  arch  in  B.  Then  from  the  point 
interferon,  draw  the  lines  BA,  BC  ;  and  BAC 
the  triangle  required. 

If  the  perpendicular  and  bafe  be  known,  and 
her  fegment  AP.  You  muft  fet  off  AP  equal 
that  fegment,  and  raife  the  perpendicular  PB 
the  length  given,  and  draw  BA  and  BC. 

Otherwife^  from  an  angle  or  two. 
[f  you  have  two  fides  AC,  CB  ;  and  the  angle 
?B.  Draw  AC,  and  with  the  compaffes  fet  off 
length  in  chains  from  the  fcale.  Then  by  the 
kraclor,  or  line  of  chords,  make  the  angle  ACB 
Ithe  given  degrees  •,  and  draw  CB,  on  which  fet 
jits  length,  (from  the  fcale)  to  B  ;  and  draw  AB. 
E  2  Or 


gl 

Fig. 
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Or  if  the  fide  AC,  and  the  angles  A  and  C  be 
given.  Draw  AC  of  its  due  length  taken  off  the 
fcale.  Then  make  two  angles  at  A  and  C,  equal  I 
to  thefe  given  •,  and  draw  AB,  CB  to  interfeci  in  B. 

Laftly,  if  you   have  given  AC,  AD,  DB,  and 
angle  ADB.     Make  the  angle  ADB  equal  to  that] 
given.     And  DA,  DB  of  the  lengths  given  ;  and| 
AC  equal  the  given  bafe.     And  draw  BC,  BA. 

Cor.  This  is  the  foundation  of  defcribing  any  pt 
ligon  ;  for  they  may  always  be  divided  into  tri angle s\ 
And  all  the  triangles  may  be  defcribed  one  after  another ] 
as  above. 

PROB.     III. 

*~o  lay  down  the  plan  of  any  field  upon  paper  \  froi 
the  meafures  taken  in  the  field ;  and  plotting  offsets. 


I5»      If  the  field  has  been  divided  into  triangles,  an< 
all  the  fides  have  been  meafured  with  the  chain 
as  ABCDE  •,  where  the  lengths  of  the  fides  are  fel 
down  in  the  field  book,  or  elfe  written  upon  the  fides| 
in  a  foul  draught.     Draw  any  line  DE,  and  froj 
the  icale  Fee  off  its  length  in  chains,  from  D  to 
Then  with  the  length  of  EA  and  one  foot  in 
defcribe  an  arch ;  and  with  the  length  of  DA  an^ 
one  foot  in  D,  crofs  that  arch  in  A  •,  then  A  is 
nother  angle  of  the  field.     In  like  manner  havinj 
the  three  fides  AD,  DB,  AB,  lay  down  the  trj 
angle  ADB,    gives  the  angle  B.     And  from  tl 
three  fides  DC,  DB,  BC,  lay  down  the  triang^ 
DliC,  and  we  have  all  the  fides  and  angles  of  tl 
figure. 

j  5#      But  if  all  the  lines  are  drawn  from  a  point  witl 
as  F.     Then  with  the  three  fides  DE,  EF,  DJ 
lay  down  the  triangle  DEF  ;  and  in  like  mann^ 
the  triangle  EAF  •,  then   ABF ;  then  BCF  -, 
lavtly  CDF.     For  in  each  triangle,  there  is  giv< 
all  the  three  fides. 
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If  the  fides  and  included  angles  are  given,  as^ig. 
in   the  figures  ABD.     Draw  the  line  AS  of  the  2°. 
length  given  ;   and  make  the  angle  ASB  equal  to21* 
the  given   degrees  ;  drawing  SB,  making  it  of  its 
due  length,  and  draw  AB  -,  then  you  have  the  tri- 
angle SAB.     Then  from  the  fides  SB,  SC  and  the 
included  angle  BSC,  or  elfe  ASC,  you  will  project 
the  triangle  BSC,  in  the  fame  manner-,    as  alfo 
CSD  ;  and  foon  till  the  whole  figure  is  laid  down.  • 

When  all  the  fides  round  the  figure  are  given,  22. 

and  an  angle  oppofite  to  each  of  them,  as  in  the 

figure  ACE.     Firft  draw  the  fide  EA  from  the 

[given  angle,  and  fet  off  its  length  to  A.     Then 

make  the  angle  AE.B  equal  to  that  given,  drawing 

EB.     Then  take  AB  in  your  companies,  and  with 

one  foot  in  A,  crofs  the  line  EB  in  B,  and  draw 

AB.     Then  make  the  angle  A  EC  or  BEC  equal  to 

the  angle  given ;  and  with   BC  in  your  compafTes 

md  one  foot  in  B,  crofs  the  line  EC  in  C ;  and 

Idraw  BC.     Then  make  the  angle  AED  or  CED 

equal  to  that  given  •,  and  take  the  length  of  CD  in 

your  compafies,  and  with  one  foot  in  C,  crofs  the 

line  ED  in  D,  and  draw  CD  •,  and  you  have  laid 

lown  the  whole  figure.     But  note,  you  ought  to 

now  whether  the  angles  ABE,  EBC>.  ECD  be 
icute  or  obtufe. 
When  all  the  angles  at  one  point  or  ftation,  op-  2^ 

>ofite  to  the  fides  of  the  field  are  given  •,  and  all 

he  alternate  angles  round  the  field  *,  and  only  one 
line  FA  meafured.  Draw  the  line  FA  of  its  due 
length  ;  and  make  the  angles  AFB  and  FAB.  as 

;iven  in  your  book,  or  foul  draught  •,  and  the  inr 
lerfection  of  FB,  AB,  gives  the  point  B.     Again, 

lake  the  angles  BFC,  FBC  equal  to  their  given 
ingles,  and  BC,  FC  will  interfect  in  C.     Proceed 

ius  round  the  figure,  to  find  the  points  of  inter- 
action D  and  E.     But  it  the  ftation  be  taken  within  2^ 
t  field  a;  S,  and  FS  meafured.     Then  SF,  and 
E   q  the 
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Fig.  the  two  angles  at  S  and  F,  will  determine  the  point 
24.  A.  Then  SA,  and  the  angles  at  S  and  A,  will 
determine  the  point  B.  And  the  like  for  the  points 
C,  D,  E,  And  at  laft  you  will  have  the  whole 
figure. 
g-  When  all  the  fides  and  angles,  in  going  round  it, 
are  meafured,  as  in  the  figure  ABCDE ;  where 
a,  b,  c,  d,  e,  are  the  feveral  ftations.  Make  the 
angle  eab  equal  to  that  given,  and  make  ab  equal 
to  its  given  length.  Then  make  the  angle  abc  e- 
qual  to  its  degrees,  and  be  equal  to  its  number  of 
chains.  In  like  manner  make  the  angles  bed,  cde, 
dea,  of  their  refpedtive  number  of  degrees ;  and 
the  fides  cd,  de,  ea,  of  their  refpeclive  lengths  in 
chains ;  and  the  figure  is  defcribed,  all  but  the 
offsets. 

And  to  defcribe  and  plan  all  the  offsets.  At  a 
fet  off  the  diftances  to  the  hedges  at  A.  Alfo  fet 
off,  in  the  line  ab,  the  diftances  #/,  ag,  ah,  at-, 
and  at/,  g,  h,  i,  raife  perpendiculars,  to  ab,  of 
their  proper  lengths,  ail  taken  from  the  field  book  5 
and  at  b  make  the  offset  to  the  hedge  at  B.  Then 
thro'  A  and  B,  and  the  ends  of  all  thefe  perpen- 
diculars, draw  the  hedge  AB.  Then  at  b  and  e, 
make  offsets  to  B  and  C,  and  fet  off  bk  to  k  where 
it  touches  the  hedge ;  and  draw  the  hedge  B£C. 
Then  make  the  proper  offsets  at  c  and  d,  to  C  and 
D  •,  and  draw  the  hedge  CD.  Again,  make  an 
offset  at  d  to  D,  and  fet  off  dl,  where  it  touches 
the  hedge ;  and  dm,  and  at  m,  the  offset ;  and  at 
e  an  offset  to  E.  Then  draw  VI  and  /E  thro*  the 
end  of  the  perpendicular  at  m,  for  another  hedge 
Laftly,  fet  off  two  offsets  from  e  to  E,  and  from  l 
to  A,  and  draw  the  hedge  EA.  Then  you  have 
the  true  figure  of  the  field  laid  down. 
2,  Again,  let  AB  be  any  ftationary  line.  Set  of 
from  A,  the  diftances  Ac,  Ad,  A/,  AB,  from  the 
book.     And  on  the  points  c,    d,  f,  B,  raife  the 

perpendiculars 
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perpendiculars  co,  de,fg,Bb,  of  their  due  lengths,Fig. 
taken  from  the  book  ;  and  thro'  the  ends  0,  e,  g,  b% 
draw  the  hedge  or  boundary  Acegb.     And  the  like 
for  any  others. 

General  Obfervations. 

All  the  lines  belonging  to  the  fame  figure  muft 
be  taken  from  the  fame  fcale,  with  a  pair  of  corn- 
paries  ;  and  it  is  beft  to  ufe  a  diagonal  fcale,  be- 
caufe  the  links  can  be  expreffed  by  hundredth  parts; 
and  the  fcale  ought  to  be  as  large  as  the  paper  will 
permit,  that  it  may  contain  the  whole  draught,  and 
the  bigger  it  is,  the  more  exactly  you  will  work; 
All  offsets  belonging  to  each  line,  mud  be  fet  in 
their  proper  places,  and  of  their  due  lengths,  per- 
pendicular to  the  ftation  line ;  and  to  be  taken  off 
the  fame  fcale.  And  every  line  that  is  inclined  to 
the  horizon  (as  in  a  hill  fide),  muft  be  firft  reduced 
to  a  horizontal  line,  before  it  be  laid  down. 

And  all  angles  mult  be  laid  down  with  a  pro- 
tractor or  line  of  chords  of  a  good  radius*  And 
thefe  things  muft  be  laid  down  in  their  proper  po- 
rtions, places,  and  magnitudes;  whether  they 
be  lines,  angles,  or  offsets,  or  any  remarkable  ob- 
jects that  are  to  be  determined  ;  and  all  according 
to  the  directions  of  your  field  book,  or  foul  draught, 
you  plan  it  from.  And  all  this  according  to  the 
known  rules  of  practical  Geometry.  And  at  laft* 
lines  drawn  thro'  all  the  points  thus  determined, 
will  give  the  true  figure  of  the  field. 

PROB.     IV. 

To  plan  afield^  as  furvefd  by  the  infallible. 

Let  PQ^be  the  table  with  the  paper  of  obferva-  17* 
tions ;  Wjhere  there  was   but  one  ftation,  taken  in  I& 
the  middle  of  the  field.     Unfold  the  paper  of  ob- 
I?  4  fervation, 
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Fig.  fervation,  and  upon  a  vacant  place  of  the  fame  pa- 

17.  per,  take  a  point  S  for  your  ftation.     Then  lay  one 

18.  tide  of  a  parallel  ruler  upon  the  line  1,  fet  the  other 
fide  to  the  point  S  •,  and  by  its  edge,  draw  the  line 
SA,  alv/ays  the  fame  way  from  S  ;  that  the  line  1 
lies  from  the  center  of  the  table ;  and  fet  from  S 
to  A  its  length  16.20  chains.  Then  fet  one  fide  of 
the  rule  to  the  line  2,  and  the  other  fide  to  S,  and 
draw  the  line  SB  equal  to  10.12  chains.  Then  fet 
to  the  line  3,  and  to  S,  and  draw  SC  14.68.  Then 
fet  to  the  line  4  and  to  S,  and  draw  SD  1 2.90.  Then 
fet  to  the  line  5  and  to  S,  and  draw  SE  7.25.  Then 
fet  to  the  line  6  and  to  S,  and  draw  SF  8.84.  Then 
fet  to  the  line  7,  and  to  S,  and  draw  SG  14.65. 
Then  draw  the  lines  ABCDEFGA  for  the  field. 

g       But  if  the  furvey  was  taken  by  going  round  the 
'  field.     Let  RT  be  the  table.     Unfold  the  paper, 
'  and  chufe  any  point  A  for  the  beginning.  Lay  one 
fide  of  a  parallel  ruler  upon  the  line  1,  and  fet  the 
other  to  the  point  A,  and  draw  the  line  AB  by  its 
edge,  to  lye  the  fame  way  from  A,  that  the  line  1 
lies  from  the  center.     This  muft  be  obferved  in 
drawing  all  the  lines  ;  and  make  AB  13.10  chains. 
Set  one  fide  of  the  rule  to  the  line  2,  and  the  other 
to  B,  and  draw  the  line  BC,  6.18.     Set  one  fide  to 
the  line  3,  and  the  other  to  C,  and  draw  CD  17.75. 
Set  one  fide  to  the  line  4,  and  the  other  to  D,  and 
draw  DE  10.32.     Set  to  the  line  5,  and  to  E,  and 
draw  EF  10.45.     $ct  t0  tne  nne  6  and  to  F,  and 
draw  FG  9.00.     Set  to  the  line  y>  and  to  G,  and 
draw  GA,  which  ought  to  be  equal  to  the  mea- 
fured  length  8.15,  if  the  work  is  right.     So  your 
field  is  planned. 
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Fig. 
PROB,     V. 

To  lay  down  the  plot  of  a  fields  as  furveyed  by  the 
needle. 

Let  ACF  be  a  field  furveyed  by  the  needle,  go-  26. 
in°r  round  about,  taking  the  flations  at  a>  b,  *•,  d,  e. 
Thro'  all  the  itations  draw  the  meridians  am9  bm* 
cm,  dm,  em,  as  you  come  at  them.     Then  begin- 
ning at  a,  make  the  angle  mab  equal  to  the  bearing 
of  the  fide  ab,  north-eafterly,  and  thereon  fet  its 
length  in  chains  to  b.     The  meridian  bm  being  fup- 
pofed  to  be  drawn,  make  the  angle  mbc  the  bearing 
of  be  fouth-eafterly,  and  make  be  its  length.  Make 
the  angle  med  the  bearing  of  d  fouth-wefterly,  and 
make  cd  its  diftance.    Make  the  angle  mde  the  bear- 
ing of  <?,  fouth-wefterly,  and  de  its  diftance.  Make 
the  angle  mea  the  bearing  of  a  north- welterly,  and 
and  ea  its  diftance.     Then  the  plan  is  finifhed,  ex- 
cepting the  offsets,  which  are  laid  down  as  directed 
in  Prob.  III.     Thus,  in  going  from  a  to  b9  you  have 
two  offsets  at  s  and  *,  at  B  you  touch  the  hedge. 
From  b  to  c,  you  have  four  offsets  at  b,  /,  h>  /,  and 
you  touch  the  hedge  at  C.     From  c  to  d,  one  off- 
let  at  £,  at  E  touch  the  hedge.     From  d  to  e,  five 
offsets  at  m7  n>  F,  G,  H  ;    at  p  touch  the  hedge. 
From  e  to  tf,  two  offsets  at  H  and  A.     The  places 
of  all  thefe,  muft  be  marked  upon  the  ftationary 
lines-,     and    their  lengths  fet  off  perpendicular 
thereto. 
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Fig. 

PROB,     VI. 

To  lay  down  the  plan  of  afield,  furveyed  from  two 
Jlations,  by  taking  the  angles  round  about L,  and  mea- 
Juring  only  the  line  between  the  Jlations. 

27.  Chufe  a  convenient  point  upon  your  paper,  for 
your  firft  ilation,  as  S.  Thro5  S  draw  a  line,  and 
fet  thereon  the  flationary  diftance  ST ;  then  T  is 
your  fecond  Ilation.  Then  with  a  protractor  or  line 
of  chords,  make  the  angles  TSA,  TSB,  TSC, 
TSD,  TSE  and  TSF,  each  of  the  number  of  de- 
grees, as  you  find  them  in  your  field  book  5  and 
from  S  draw  the  lines  1,  2,  3,  4,  5,  6,  out  at 
length,  numbering  them  as  in  the  book.  In  like 
manner,  make  the  angles  at  T  your  fecond  Ilation, 
STA,  STB,  STC,  STD,  STE,  STF ;  and  from 
T  draw  the  lines  1,  2,  3,  4,  5,  6,  as  in  the  book. 
Then  obferve  where  the  correfpondent  lines  inter- 
fecl:; as  1  and  1  interfecl:  at  A ;  2  and  2  interfecl: 
at  B  •,  3  and  3  at  C  ;  4  and  4  at  D  -,  5  and  5  at  E ; 
and  6  and  6  at  F.  Then  A,  B,  C,  D,  E,  F,  are 
the  corners  of  the  field.  Therefore  drawing  the 
lines,  AB,  BC,  CD,  &c.  from  angle  to  angle, 
ABCDEF  will  be  the  plot  of  the  field.  Here  you 
muft  be  fure  to  take  the  interferons  of  the  corre- 
fpondent lines,  or  thofe  numbered  with  the  fame 
figures  •,  otherwife  you'll  get  a  falfe  plan. 

28,  If  the  Ilationary  diftance  be  taken  in  a  fide  of  the 
field,  as  EF,  or  even  out  of  the  field  as  st  -,  the 
work  would  have  been  the  very  fame.  For 
the  correfpondent  lines  11,  22,  ^^  &c*  that  form 
the  angles  which  you  muft  make  about  F  and  E, 
or  s  and  /,  will  always  interfecl:  in  the  points  A, 
B,  C,  &c.  which  determine  the  angles  of  the 
field. 
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And  if  there  had  been  more  ftations,  proceed  Fig. 
in  the  fame  manner,  to  lay  down  the  angles  taken 
at  them  ;  and  to  draw  lines,  to  interfed  in  the  points 
required. 

P  R  O  B.     VII. 

To  lay  down  the  plan  of  any  part  of  a  country \ 
withfuch  objecls  as  appear  5  by  taking  obfervations  at 
feveral  ftations. 

This  is  done  much  the  fame  way  as  the  laft  Prob.  2q, 
only  there  are  more  ftations   concerned,  which  re- 
quire to  be  laid  down,  one  after  another  \  and  the 
diftances  to  the  objects  meafured. 

Upon  a  meet  of  paper,  take  a  convenient  point 
S  for  your  firft  ftation,  from  which  draw  the  line 
ST,  and  fet  thereon  the  ftationary  diftance  ST  as 
in  your  book  •,  then  T  is  your  iecond  flation.  With 
a  protractor  or  line  of  chords,  fet  off  the  angles 
TSK,  TSL,  TSA,  TSB,  and  TSC,  as  in  your 
book.  And  draw  the  lines  SK,  SL,  SA,  SB,  SC; 
and  thereon  fet  the  meafured  diftances  of  each,  as 
you  find  them  in  the  book.  Then  the  places  of 
the  objects  K,  L,  A,  B,  C  are  determined. 

Then  in  like  manner  at  T,  make  the  angles  STD, 
STE,  STF,  STI,  equal  to  the  angles  which  the 
ftationary  line  makes  with  TD,  TE,  &c.  as  you 
find  them  in  the  book  \  and  drawing  TD,  TE, 
TF,  TI,  fet  thereon,  the  meafured  diftances  of 
D,  E,  F,  I  *,  and  then  their  places  are  determined. 

Next  make  the  angle  ST  V  equal  to  the  -obferved 
angle  between  the  ftationary  lines  ST  and  TV  ; 
and  drawing  TV,  fet  thereon  the  meafured  diftance 
of  the  ftations  T  and  V,  as  fet  down  \  then  V  is 
a  third  ftation.  Therefore  at  V,  make  the  angles 
with  TV  as  you  obferved  them,  as  TVG,  TVH, 
ami  perhaps  TVI  •,  and  on  VG,  VH,  fet  their  mea- 
fured 
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Fig.  fured  diftances,  all  which  you  have  in  the  field  book ; 

29.  and  then  the  places  of  G  and  H  are  determined. 
And  if  you  have  more  ftations,  and  more  objects, 
you  mull  proceed  in  the  fame  manner,  to  lay  down 
the  angles  obferved,  and  to  fet  off  the  diftances. 
And  thus  may  the  plan  of  a  fquadron  of  mips  be 
taken,  or  the  map  of  a  river,  or  any  remarkable 
objects,  tho'  inacceflible. 

P  R  O  B.     VIII. 

7*0  draw  the  plan  of  a  manor  or  large  efiaie ;  part 
cf  a  river,  or  a  great  town. 

1.  Having  provided  fome  paper,  vellum  or 
parchment  to  draw  it  upon ;  confider  how  large 
you  defign  to  have  your  map.  Then  collect  from 
your  field  book,  the  dimenfions  of  the  eftate  in 
chains ;  and  from  hence  you  may  make  an  eftimate, 
how  many  chains  will  be  contained  in  an  inch  ;  and 
confequently  what  fize  your  fcale  muft  be  of,  to 
plot  it  with  ;  and  it  will  be  bed  to  ufe  a  diagonal 
fcale. 
00,  2.  Then  take  a  convenient  point  A  upon  your 
paper  for  the  firft  ftation,  and  from  thence  draw 
your  fird  dationary  line  AB,  of  its  due  length,  from 
the  field  book  -,  then  will  B  be  your  fecond  ftation. 
Then  having  the  diftances  AC  and  BC,  you  will 
find  the  place  C  of  a  third  ftation,  upon  the  plan. 
And  in  like  manner,  having  CD  and  AD,  the  point 
D  will  be  found  for  a  fourth  ftation.  For  the 
longeft  ftationary  lines,  and  the  moft  general  ftations 
muft  be  determined  firft  ;  and  then  the  next  de- 
pending on  them,  and  fo  on  to  the  lead  or  moft 
minute.  And  fuch  lines  as  ferve  only  to  find  the 
boundaries,  muft  be  drawn  with  black  lead,  to  be 
rubbed  out  again. 

3.  Then  for  plotting   your  obiervations   taken 
upon  any  of  thefe  lines  -,  you  muft  take  the  feveral 

diftances 
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diftances  from  your  diagonal  fcale,  andfet  them  uponFig. 
thefe  lines  ;  or  with  a  thin  fcale  graduated  the  fame  3°- 
way,    and  applied  to  thefe  lines,  prick  off  thefe 
diftances,  by  the  edge.     Likewife  every  angle  muft 
be  laid  down  truly  by  a  protractor  or  line  of  chords. 
And  all  thefe  things  muft  be  done  in  that  order  you 
took   them,  as   directed  by  your  field  book  ;  firft 
reducing  inclined  lines  to  horizontal  ones,  by  Prob. 
9,  Sect.  1.     Thus  in  going  from  A  to  B,  when  we 
come  at  a  there   is  a  hedge  ;  therefore  fet  the  dif- 
tance  Aa  from  A  to  a\  and  at  a  lay  down  the  an- 
gle that  the  hedge  ao  makes  with  A#,  and  fet  the 
length  of  it  from  a  to  0,  for  the  corner  of  the  firft 
field.     Then  I  fet  off  the  diftance  from  A  to  the 
next  hedge,  and  draw  that  hedge  in  like  manner 
as    the   other.     Then    I    let    oft    the  "diftance  of 
the  brook  from  A  to  £,  and  draw  the  brook,  mak- 
ing fuch  an  angle  with  AB  as  I  find  in  my  book. 
In  this  manner  I  proceed  till  all  be  laid  down  from 
A  to  B.     After  the  fame  manner  I  lay  down  every 
thing  from  B  to  C,  and  from  C  to  A  •,  and  like- 
wife  from  A  to  D,  and  from  D   to  C.     Thefe  ge- 
neral ftations  being  finifhed  -,    the  inner  and  leffer 
ones  muft  be  plotted,  as  from  F  to  G,  from  A  to 
I,  from  I  to  F.     Then  from  B  towards  H,  where 
1  project  a  tree,  and  the  crofting  of  the  brook,  and 
a  windmill  on  the  right ;  then  from  H  to  C,  where 
I  projedt  a  houfe  on  the  left  hand.     Thus  you  muft 
go  thro'  all  the  leffer  ftations,  planning  every  thing 
you  find  in  your  book,  in  their  due  places ;  as  all 
objects,  and  all  offsets  to  hedges,  &c.  till  all  houfes, 
fields,  trees,  and  other  remarkable  objects,  be  put 
into  your  plan  •,  proceeding  from  one  part  to  ano- 
ther till  all  the  parts  be  laid  down  •,  and  if  all  the 
parts  cloie  or  fill  up  the  plan,  it  is  a  fign  the  work 
is  right.     And  the  plan  is  beft  done  upon  paper, 
or  at  laft  pricked  off  upon  your  vellum,  by  laying 
the:  paper  upon  it.     And  make  always  the  north 

fide 
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Fig.  fide  of  the  map  the  uppermoft.  To  do  all  this 
30.  there  is  required  no  more  than  a  little  practical  Geo- 
metry, attending  duly  to  what  you  have  given  in 
your  field  book.  Sometimes  it  may  be  convenient 
to  plot  different  parts  in  different  papers  ;  and  put 
them  altogether  at  laft. 

4.  All  hills  muft  be  fhadowed,  to  diftinguifh  them 
in  the  draught  -,  likewife  fhadow  the  buttreffes  of 
fleeples  very  deep  ;  and  alfo  towers,  caftles,  houfes* 
and  all  fuch  things. 

5.  Put  the  trees  in  each  hedge,  into  their  proper 
places  in  the  map  •,  as  they  have  been  taken  on  a 
foul  draught ;  and  make  prick  lines  on  the  out- 
fides  of  the  hedges,  for  the  gutters  •,  and  thefe 
will  mew  what  hedges  belong  to  each  field.  And 
where  there  are  gates,  the  hedges  mud  break  off. 

6.  All  the  fields  and  clofes  being  laid  down  in 
their  true  order  and  fituation  •,  write  the  name  of 
each  field  fomewhere  in  the  middle  of  it ;  and  if 
you  think  proper,  the  number  of  acres  it  contains  : 
tho'  fome  people  choofe  to  have  their  contents  in 
a  book  on  purpofe. 

7.  Colour  the  hedges  with  different  colours,  and 
put  into  your  map,  the  manor  houfe,  and  all  o- 
ther  out-houfes,  barns,  ftables  ;  alfo  rivers,  roads, 
bye-lanes  -,  and  any  windmill,  water-mill,  bridge 
brook,  pond,  wood,  coppice,  foot- way,  or  horfe- 
way.  Draw  trees  in  woody  grounds,  fhadow 
mountainous  grounds  with  hills  and  valleys.  Ex- 
prefs  bogs,  fens,  groves,  highways,  rivers,  gates, 
lliles,  &c.  Draw  the  meridian  line,  and  put  a 
mariners  compafs  in  fome  bye  place ;  and  afcale  of 
equal  parts  or  chains  j  and  laftly  the  title  of  the 
map,  thus. 

A  true  and  perfect  furvey  of  the  manor 

(Townfhip)  of ,  in  the  county  of , 

Being  (part  of)  the  eftate  of 

Anno  Domini . 

8.  In 
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8.  In  a  very  great  eftate,  there  ought  to  be  drawnFig. 
vertical  and  horizontal  lines  thro'  the  map,  de-  30. 
noted  by  letters  at  the  top  and  bottom  and  fides  ; 

for  the  ready  finding  any  field  therein,  mentioned 
in  a  table. 

9.  The  fame  rules,  by  which  any  field  is  laid  31. 
down,  in  the  method  of  circulation,  will  equally 
ferve  for  laying  down  the  ftreets  of  a  town.  For 
take  the  point  B  for  the  firft  ftation,  and  draw  BF, 
and  make  the  angle  FBC  equal  to  the  degrees  ob- 
ferved,  as  in  the  furvey  book-,  and  drawing  BC, 

let  its  length  upon  it  to  C,  taken  from  the  book. 
And  in  that  line  from  B  to  C,  make  offsets  on  each 
fide,  and  fet  off  fuch  diftances  as  you  have  noted 
down.  In  the  fame  manner,  fet  off  the  angles 
BCD,  CDE,  DEF,  and  EFB.  And  fet  off  the 
diftances  CD,  DE,  EF,  FB  •,  and  make  fuch  off- 
fets  on  each,  as  you  found  in  going  along  them ; 
as  the  furvey  book  will  direct.  Then  draw  the 
inner  ftreets,  till  all  the  part  BCDEF  be  planned. 
In  like  manner  lay  down  the  part  BFGA,  and  fo 
one  part  after  another,  till  the  whole  is  laid  down. 
But  it  is  bed  to  lay  down  every  part  as  foon  as 
it  is  furveyed,  whilft  you  have  it  in  your  mind. 

PROB,     IX. 
To  draw  a  map  or  plan  of  a  whole  county. 

The  laying  down  the  plan  of  a  county  is  upon 
the  fame  principle,  as  laying  down  a  furvey,  taken 
from  two  ftations,  as  delivered  in  the  6th  Problem. 
Only  here  we  are  obliged  to  have  more  ftations, 
and  to  take  more  angles.  And  as  a  county  is  of  a 
large  extent,  every  thing  muft  be  laid  down  with 
the  utmoft  exaclnefs.  Therefore  to  do  this,  chufe 
a  convenient  point  upon  your  paper  for  your  firft 
ftation.     From  that  point  draw  your  flationary  line, 

and 
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Fie  and  fet  upon  it,  from  that  point,  the  diftance  mea- 
oX.  furcd  between  your  two  main  {rations,  taken  from 
a  proper  fcale  •,  and  this  gives  your  fecond  ftation 
upon  the  paper.     And  the  diftance  between  them 
is  the  onlymeaiured  diftance  you  have.   Then  take  a 
good  inftrument  for  laying  down  angles,  and  place 
its  center  at  the  fir  ft   ftation ;  and  make  an  angle 
there  with   the  ftationary  line,  equal  to  the  angle 
you  took  (to  any  certain  place)  at  the  firft  obferva- 
tion,  when  at  the  firft  ftation ;  which  your  book 
will  fhew.    Then  make  an  angle  with  the  ftationary 
line,  at  the  fecond  ftation,  equal  to  that  you  took 
(to  the  fame  place)  at  your  fecond  ftation  -,  where 
this  line  ( terminating  the  angle )  cuts  the  other,  is 
the  place   at  which  that  particular  mark  ltands : 
thus  one  place  is  determined.     Again,  at  the  fir  ft 
make  an  angle  with  the   ftationary  line  •, 
equal  to  that  you  obferved,  to  a  fecond  place.    And 
like  wife  an  angle,  at  the  fecond  ftation,  which  was 
obferved  there  to  the  fame  place  •,  and  where  this 
line  interfecls   the  frft,  is  the   place  of  the  feccnd 
mark  ;  fo  a  fecond  place  is  determined.    And  thus 
go  on,  to  lay  down  two  correspondent  angles,  ta- 
ken out  of  the  bcok,  one  at  one  ftation,  and  the 
other  at  the  other  •,  and  the  interfection  of  the  lines 
of  that  angle,  gives  the  correfpondent  place.     And 
this  work  is  always  to  be  done  both  at  the  main 
ftations,  and  at  all  inner  ftations. 

i.  All  the  lines  ought  to  be  taken  from  a  diago- 
nal fcale,  of  a  mile  or  half  a  mile  to  an  inch,  ac- 
cording to  the  largenefs  of  the  county  •,  which  may 
be  eafily  collected  from  the  dimenfions  of  the  de- 
figned  map,  compared  with  the  dirnenfions  of  the 
county,   m  miles. 

2.  Ail  your  work  muft  be  laid  down  en  a  pa- 
per fpread  upon  a  flat  table,  and  pafted  down  at  the 
:  Js,  or  otherways  fixt,  fo  as  not  to  be  altered,  till 
the  whole  be  laid   down.     Or  one  may  rake  a  fine 

copper 
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copper  plate,  the  bignefs  of  the  map,  to  project  Fig. 
upon  ;  and  one  fet  of  obfervations  may  be  laid  down 
after  another,  as  they  are  taken  at  the  two  ftations  ; 
till  the  whole  be  compleated  ;  and  the  lines  may  be 
drawn  with  a  fine  fteel  point.  But  here  fuch  obfer- 
vations as  are  taken  to  one  hand,  muft  be  laid  to 
the  contrary  hand,  as  in  all  engraving. 

3.  And  the  inftruments  made  ufe  of  in  laying 
down  the  plan,  muft  be  exceeding  good  and  large. 
Your  protractor  or  line  of  chords,  or  fector,  or 
whatever  inftrument  you  ufe  to  lay  down  angles, 
muft  be  of  as  large  a  radius,  as  the  inftrument  you 
took  the  obfervations  with,  and  as  accurately  di- 
vided. For  moft  of  your  operations  will  be  to  lay 
down  angles  •,  and  if  they  be  not  as  exact]}  laid 
down  in  your  map,  as  they  are  taken  by  obferva- 
tion,  the  map  will  be  erroneous.  And  you  might 
as  well  not  have  taken  them  exactly,  as  not  lay 
them  down  exactly.  Here  the  diftances  muft  all 
be  reduced  to  horizontal  lines,  before  they  be  laid 
down.  And  all  the  lines  and  angles  are  beft  laid 
down  in  the  order  they  were  taken  ;  as  your  book 
of  obfervations  will  fhew.  And  the  principal  and 
moft  eminent  ftations  muft  be  planned  firft  ;  and 
then  others  that  depend  immediately  upon  them  ; 
and  the  next,  thofe  that  depend  upon  thefe -,  and 
fo  on.  And  thus  every  thing  muft  be  laid  down, 
according  to  what  you  find  in  your  book. 

4.  When  all  the  towns  and  remarkable  places 
are  thus  determined  and  mapped.  The  hills  and 
mountains  muft  be  fhadowed,  the  feacoafts  drawn  ; 
all  towns,  caftles,  houfes,  churches  exactly  drawn, 
the  largeft  of  them  in  perfpective.     All  roads  and 

rs  delineated,  and  all  bridges  drawn ;  and  eve- 
ry thing  properly  fhaded,  to  diftinguifh  them  and 
mew  what  they  are.  All  the  divifions  of  the  coun- 
ty muft  be  dravvn  in  prickt  lines.     And  the  na:: 

ach  part  written  therein.  And  the  boundaries 
F  will 
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Fio-.  will  be  more  vifible  and  diftindt,  if  they  be  colour- 
ed with  water  colours.  All  this  is  a  work  of  great 
nicety. 

5.  Write  the  names  of  each  divifion  in  great  let- 
ters within  it  -9  and  the  names  of  all  towns  and  o- 
ther  places,  befide  them.  The  cities  muft  be  dif- 
tinguifhed  from  market  towns,  and  thefe  from  lefTer 
towns,  &c.  by  certain  marks.  Meridians  and  pa- 
rallels muft  be  drawn  through  the  map  ;  alfo  a  ma- 
riners compafs  in  fome  bye  place  >  and  a  fcale  of 
miles  -,  the  longitude  and  latitude  of  places  at  the 
fides  and  ends,  and  the  title  of  the  map  in  large 
characters.  And  in  all  maps,  take  notice,  that  the 
north  fide  muft  be  uppermoft. 

P  R  O  B.     X. 


33' 


To  reduce  one  triangle  into  another  of  equal  area,  i$ 
have  a  given  bafe,  or  a  given  perpendicular. 

Let  ABC  be  the  triangle  to  be  reduced,  and  AD 
the  new  bafe.  From  the  vertex  C  draw  the  line 
CD,  and  from  B  the  end  of  the  bafe,  draw  BE  pa- 
rallel to  it,  interfering  the  oppofite  fide  in  E ;  then 
draw  ED,  and  the  triangle  AED  is  equal  to  the  tri- 
angle ACB.  For  the  part  EBD  is  equal  to  the  part 
EBC,  being  contained  between  the  fame  parallels 
EB,  CD  •,  and  the  part  AEB  is  common  to  both 
triangles. 

And  if  the  perpendicular  be  given  ;  let  it  cut 
the  fide  at  the  point  E.  Draw  EB  to  the  oppofite 
angle  B  ;  and  CD  parallel  to  it,  from  the  vertex 
C,  to  cut  the  bafe  AB  in  D  ;  draw  ED,  then  AED 
is  the  triangle  required  -,  which  is  proved  as  before. 


P  R  O  B. 
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Fig. 
P  R  O  B.     XL 

To  reduce  one  triangle  to  another  equal  triangle* 
from  a  given  "point  in  the  fide. 

Let  ABC  be  the  triangle,  and  E  the  point  given.  33. 
From  the  given  point  E,  to  the  oppofite  angle  B, 
draw  the  line  EB.  And  from  the  vertex  C,  the 
line  CD  parallel  to  it,  to  cut  the  bafe  AB  in  D. 
Draw  the  line  ED,  and  the  triangle  AED  is  equal 
to  the  triangle  ACB. 

For  the  triangle  EDB  is  equal  to  the  triangle  ECB, 
being  contained  between  the  fame  parallels  ;  there- 
fore to  each  of  them  add  the  triangle  AEB,  and 
then  AED  is  equal  to  ACB. 

S    C    H    O    L. 

This  Problem  will  be  ufeful,  when  the  area  i: 
not  to  run  beyond  a  given  point  E. 

P  R  O  B.     XII. 

To  reduce  a  poligon  to  an  equal  triangle^  from  any 
angle ,  or  point  given  in  afde. 

This  is  done  by  taking  away  one  angle  after  ano-  «a  ; 
ther,  till  the  whole  be  reduced.     Let  the  poligon 
be  ABCDEF,  and  let  the  point  be  at  the  angle  D. 
Produce  any  fide,  that  does  not  join   upon  D,  as 
AF.     Draw  the  nrft  diagonal  AC,  and  BH  paral- 
el  to  it,  to  cut  the   bafe  FA  in  H.     Draw  HD  to 
he  next  angle,  and  CI  parallel  to  it,  cutting  AF 
n  1.     And  draw  DI  for  one  fide.     Here  AC,  BH, 
D,  &c.  muft  be  obfcure  lines. 
Again,  draw  DF,  and  EG  parallel  to  it,  to  cut 
he  bafe  AF  in  G  ;  then  draw  DG  for  the  other 
ide. 

F  2  In 
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Fl§*  In  Jhort  thus. 

34" 

From  AC  open  your  parallel  ruler  to  B,  to  cut 

AF  at  H.  From  HD  open  to  C,  to  cut  at  I ;  and 
draw  ID. 

From  DF  open  to  E  to  cut  at  G,  and  draw  DG. 
Then  IDG  is  equal  to  ABCDEF. 

For  by  reafon  of  the  parallels  CA,  BH,  the  tri- 
angle CBA  is  equal  to  the  triangle  CHA.  There- 
fore inftead  of  the  two  fides  CB,  BA ;  the  fingle 
fide  CH  may  be  taken.  Again,  by  reafon  of  the 
parallels  DH,  CI ;  the  triangle  DHC  is  equal  to 
the  triangle  DHI ;  and  therefore  inftead  of  the  two 
fides  DC,  CH ;  the  fingle  fide  DI  may  be  taken. 
J-n  like  manner  the  triangle  DEF  is  equal  to  DGF ; 
whence  the  triangle  IDG  is  equal  to  the  figure 
ABCDEF. 

Cor.  i.  Hence  any  peligon  may  be  reduced  to  fewer 
fides )  by  taking  away  one  or  more  fides  of  it. 

Thus  ABCDEF  is  reduced  to  HCDEF,  and  that 
to  IDEF,  and  that  to  IDG. 

Cor.  2.  Hence  a  triangle  may  be  reduced  back  to  a 
polygon,  or  a  polygon  to  another  of  more  fides.  Which 
is  ufeful  in  reduction,  when  the  area  is  to  terminate  at 
a  certain  point,  as  F. 

Thus  to  reduce  GD  to  the  point  F.     Draw  from 
F,  to  the  next  angle  D,  the  line  FD  ;  and  from  G,[ 
the  parallel  GE,  to  cut  the  other  fide  DE  in  E,  ifj 
there  be  fuch  a  fide  ;  other  wife  take  any  point  E  inf 
the  parallel  GE,  and  draw  the  two  lines  DE,  EF. 

Likewife  to  reduce  DI  to  the  point  H  •,  drawl 
HD  to  the  next  angle  D,  and  IC  parallel  to  it,  in 
which  take  the  point  C,  and  draw  CD,  CH. 

Again,  to  reduce  CH  to  the  point  A  :  draw  A< 
to  the  firft  angle  C,  and  HB  parallel  to  it,  and  tak< 
B  therein,  and  draw  CB,  BA. 

SCHO  L, 
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Fig. 

S    C    H    O    L.  34. 

It  will  be  beft  to  take  fuch  a  fide  for  the  bafe, 
and  fuch  a  point  for  the  vertex,  of  the  triangle 
(which  may  be  in  a  fide,  as  well  as  an  angle),  that 
when  the  operation  is  finifhed,  the  height  and  bafe 
of  the  triangle  may  not  be  very  unequal  -,  obferv- 
ing  that  the  higher  the  vertex  is,  the  fhorter  the 
bale  will  be.  If  the  point  for  the  vertex  be  taken 
in  a  fide,  it  is  the  fame  thing,  as  if  the  poligon  had 
one  fide  more. 

P  R  O  B.     XIII. 

fo  cafi  up  the  content  of  a  triangular  field. 

Let  ABC  be  the  triangle  propofed.     Having  got  1 1* 
the   bafe   AC,    and  perpendicular  BP,    either  by 
meafuring  them  in  the  field -,  or  elfe  meafuring  them 
by  the  fcale,  upon  the  draught,    laid  down  upon 
paper.     Then 

Multiply  the  bafe  by  the  perpendicular,  in  chains 
and  decimals.  And  take  half  the  product  for  the 
fquare  chains,  which  divide  by  10,  gives  the  acres, 
and  decimal  parts  :  or,  which  is  the  fame  thing, 
from  half  the  product,  cut  off  five  figures  for  a  de- 
cimal. If  you  have  a  mind  to  find  the  roods  and 
perches,  multiply  the  decimal,  firft  by  4,  and  then 
by  40. 

Note,  you  may  multiply  half  the  bafe  by  the  per- 
pendicular, or  the  bafe  by  half  the  perpendicular, 
for  the  content  in  chains,  &c. 


Examp- 


So 
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Fig. 

Bafe  AC 
Perpen.  BP 

Examp. 

8.27 
4.25 

4i35 
i%4 
3308 

Prod;          - 

Content 

35-t475 

l°)  *7'5737 

1.757  acres. 

*  Qr  thus. 

When  two  fides  AC,  CB,  and  the  included  an- 
gle  C,  are  given ;  or  when  AC,  DB,  and  angle 
ADB  are  given. 

Add  together  the  logarithms  of  AC,  CB,  and 
fine  of  the  angle  C  -y  or  elfe  of  AC,  DB,  and 
S.ADB  -,  and  from  the  fum  abate  10.  Find  the 
number  anfwering  to  that  logarithm.  Then  half  that 
number  divided  by  10,  is  the  content  in  acres. 


Examp. 


AC 
CB 
S.<C 


8.27 
6.88 
38  20 


0.91750 
0.83758 
9-79255 


35.29        —      1.54763 
Content  1.764  acres. 


Or  thus. 

When  a  fide  AC,  and  the  adjoining  angles  A, 
C,  are  given.  To  twice  the  log.  bafe  AC,  add  the 
log.  fines  of  the  angles  A  and  C  ;  from  the  fum, 
take  the  log.  fine  of  the  fum  of  thefe  angles  (or  of 

the 
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the  third  angle  BJ,  and  throw  away  10.     Find  theFig. 
number  of  this  logarithm  •,  and  divide  half  of  it  by  l  * 
Jto,  for  the  content. 

Examp. 

AC  —  8.27        0.91750 
0.91750 

s.  <:  c  38  20      9-79255 

S.<A  S5  30        9-9  *  599 

„     „  21-54354 

S.  <B  86  10        9.99902 

35-°4  1.54452 

■■    ■  '■ 

Content  1.752  acres. 

Or  thus,  by  the  loft  data. 
Divide  the  fquare  of  the  bafe  AC,  by  the  furn 
of  the  natural  cotangents  of  the  angles  A,  C.  Half 
the  quotient  divided  by  10,  gives  the  area. 

8.27     1.2647 
8.27       .6873 


5789  1.9520)68.393  (35.04 
1654  58  560     1.752     content 

6616  in  acres, 

9  8330 

68.3929  9  7600 


73000 

Otherwife  thus. 

When  the  three  fides  are  given.  Find  half  the* 
fum  of  the  three  fides,  and  fubtract  each  fide  from 
it.     Then  multiply  that  half  fum  and  the  three  re- 

F  4  mainders 
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Fig.  mainders  continually-,  and  the  fquare  root  of  the 
j  i.  laft  product,  divided  by  10,  gives  the  area. 

Rather  add  their  four  logarithms  together,  and 
take  half  of  the  fum  ;  and  the  number  being  found, 
the  tenth  part  of  it  is  the  area  in  acres. 


Ex  amp. 


AC     8.27, 
CB      6.88 
AB     5.14 


20.29  Log. 


*  fum  10.!  4  1.00604 

1  diff.  1.87  6.27184 

2  diff.  3.27  0.51454 

3  diff.  5.00  0.69897 


2.49139 
17.61  1.24569 


Content    1.761  acres. 


P  R  O  B.    XIV. 

<fo  cajl  up  the  content  of  a  fquare,  a  reftangle,  or 
of  any  parallelogram. 

Multiply  the  length,  by  the  breadth  (which  is 
the  nearer!:  diftance  from  one  fide  to  the  other)  \ 
and  the  product,  divided  by  io,  is  the  area. 


Examp< 
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Fig. 
Examp.  x  j  § 


Length  16.27 

IJreadth  10.60 


97620 
16270 


172.4620 
Content    17.246      acres,  which  may  be 
reduced  to  roods  and  perches,    by  multiplying  by 
4  and  40. 

P  R  O  B.     XV. 

To  cajl  up  the  content  of  a  trapezium^  ABCD. 

Having  found  the  diagonal  BD,  and  perpendi-  1 2, 
culars  AF,  CG,  either  by  meafuring  in  the  field, 
or  upon  paper,  after  it  is  laid  down.     Then 

Multiply  the  diagonal,  by  the  fum  of  the  per- 
pendiculars •,  and  half  the  product,  divided  by  10, 
is  the  content. 

Examp. 

Suppofe  the  diagonal  and  perpendi 'culars ,  the  fame 
as  were  meafured  in  Prob.  XII.  Sect.  I. 

1  perp.     5.18  Diag.      8.37 

2  perp.     4.86  10  04 

■        ■  ■  «  . 

10.04  33  48 

83700 


84.0348 
Content    4.202    acres, 


Or 
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"Ig#  Or  thus. 

13.  Where  the  lengths  of  the  diagonals,  and  the  an- 
gle they  make,  are  given.  Multiply  the  diago- 
nals and  the  nat.  firve  of  the  angle,  continually  ; 
and  the  product  divided  by  10,  gives  the  content. 
Or  rather,  add  the  logarithms  of  the  diagonals, 
and  the  log.  fine  of  the  angle  together,  rejecting 
jo-,  find  the  number  belonging j  and  divide  half 
of  it  by  ip  (or  the  whole  by  20),  gives  the  con- 
tent. 

Examp. 

Snppofe  the  angle  and  diagonals,  as  me  a  fur  ed  in 
Prob.  XII.  Sect.  I. 

AC,     7.54,        0.87737 

DB,     6.17,         0.79028 

S.AEB,  66  20,        9.96184 

42.61,         1.62949 

Content     2.130  acres. 

PROB.     XVI. 

fTo  cafi  up  the  content  of  any  field,  in  form  of  any 

polygon. 

j 4.  Since  we  do  not  always  want  to  make  a  draught 
of  a  field,  but  only  to  find  its  content  •,  in  fuch 
cafes,  we  only  meafure  fuch  lines  as  are  neceffary 
for  finding  the  content ;  and  then  fewer  meafures 
will  do,  than  for  plotting. 

The  fhorteft  way  then  to  find  the  content,  is  to 
divide  the  field  into  trapeziums,  as  few  as  you  can, 
or  into  trapeziums  and  triangles ;  and  to  meafure 
the  diagonals  and  perpendiculars  in  the  field,  and 
fet  them  down  •,  and  likewife  the  bafes  and  perpen- 
diculars of  the  triangles,  if  there  be  any.     Then 

find 
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find  the  contents  of  each  of  the  trapeziums,  by  the  Fig. 
laft  Prob.  and  of  the  triangles,  by  Prob.  XIII.  and  14, 
the  fum  of  all  is  the  content  of  the  field. 

Examp. 
Let  the  meafures  be  taken  as  in  Prob.  XIII.  Seel.  I. 

1.  Trapezium  CDEF. 

1  perp.     3.54        Diag.  11.88 

2  perp.     2.52  6.06 

6.06  7128 

■  — ->  71280 

71.9928 

2.  Trapezium  BCFC*. 

1  perp.    4.47  8.19 

2  perp.     3.72         Diag.  12,00 

8.19  1638 
819 


98.28 


The  triangle  ABG. 

bafe     10.56  71.9928 

perp.     3.32  98.28 

35.0592 


2112 


3168  205.3320 

3168  Content  10.2666  acres. 


35-0592 


Otherwife 
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Otberwife  thus. 

When  we  have  not  got  the  diagonals  and  per- 
pendiculars, requifite  for  calling  up.  The  field 
muft  be  laid  down  on  paper,  by  Prob.  III.  And 
then,  by  dividing  it  into  trapezia  and  triangles,  we 
muft  mealure  thefe  as  before.  Therefore  what  we 
have  to  do,  is,  to  meafure  the  lengths  of  thefe  dia- 
gonals, and  bafes  ('with  the  fame  fcale  the  field  was 
drawn  by)  in  chains  and  decimal  parts  ;  and  their 
correfpondent  perpendiculars,  by  taking  the  near- 
eft  diftance  from  the  vertex  or  angle,  to  the  bafe 
or  diagonal. 

Then  multiply  the  diagonal  of  each  trapezium 
by  the  fum  of  its  perpendiculars ;  and  the  bafe  of 
every  triangle  by  its  perpendicular ;  and  take  half 
the  fum  of  all  thefe  products,  which  divide  by  10, 
gives  the  acres  and  decimals.  And  the  decimal 
may  be  reduced  to  roods  and  perches,  if  you  pleafe, 
by  multiplying  by  4  and  then  by  40. 

And  note,  if  any  part  of  the  area  caft  up  is  with- 
out the  field,  fuch  part  muft  be  fubtradted  from  the 
whole. 

As  for  the  offsets,  and  parts  of  irregular  curves, 
if  there  be  any  •,  they  muft  be  computed  feparately, 
and  added  to  the  former  contents,  if  they  lie  with- 
out the  ftationary  lines ;  or  fubtracted,  if  within. 
To  find  their  contents  will  be  fnev/n  in  the  follow- 
ing Problem. 

Otherwise  thus. 

Reduce  the  field  into  a  triangle  by  Prob.  XII. 
And  if  any  fide  in  it  be  very  irregular,  running  in 
and  out,  a  right  line  may  be  drawn  by  the  eye,  that 
takes  in,  as  much  as  it  leaves  out.  Then  the  bafe 
of  this  triangle  multiplied  by  its  height,  and  half 
the  producl  divided  by  10,  will  give  the  area  in 
acres,  as  ufual. 

This 
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This  reducing  a  field  to  a  triangle,  is  as  exact  a  Fig. 
way  as  calling  up  the  contents'  of  all  the  trapezi-  34. 
urns  and  triangles  feverally ;  and  far  more  eafily 
and  fpeedily  done. 

Examp. 

Let  ABCDEF  be  any  field ;  which  is  reduced  to  the 
triangle  IDG.  And  let  the  bafe  \G  be  9.00,  and  the 
perp.  or  the  near  eft  diftance  from  D  to  AF  6.46. 

6.46 
9.00 

58.14 
Content     2.907  acres  in  the  triangle. 

Therefore  the  content  of  the  polygon  is  2.907 
acres. 

S  c  h  o  L. 

In  uneven  hilly  ground  it  has  been  difputed, 
whether  the  horizontal  bafe,  or  the  true  fuperrlcies, 
ought  to  be  computed ;  and  the  greateft  part  of 
furveyors  feem  to  be  agreed,  that  the  fupcrficies 
mould  be  meafured.  And  indeed,  fince  furveying 
is  but  a  mechanical  practice,  we  may  lay  down  this 
general  rule,  that  fince  we  meafure  by  the  chain, 
we  mull  compute  by  fuch  dimenfions  as  we  find 
by  the  chain.  But  if  we  compute  from  a  map  or 
draught,  we  mufl  needs  take  our  meafures  from  the 
map,  to  compute  by.  And  in  thefe  cafes  there  will 
always  be  a  difference  between  the  area  meafured 
and  the  area  planned  ;  more  or  lefs,  as  the  ground 
is  more  or  lefs  hilly  and  irregular ;  and  fubject  to 
afcents  and  defcents,  and  to  hills  and  dales.  But 
trio'  the  fuperficics  ought  to  be  meafured,  only  the 
horizontal  bafe  mufl  be  planned  ;  for  otherwife  a 
map  cannot  be  made  too  clofe,  ;'.  e.  for  the  adjoin- 
ing parts  to  come  together. 

Il 
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Fig.  It  may  be  obferved,  that  fince  all  ground  is  more 
34.  or  left  irregular,  as  well  as  the  fences  that  inclofe 
it  •,  therefore  if  ieveral  perfons  furvey  the  fame  piece 
of  ground ;  no  two  of  them  will  give  exactly 
the  fame  content.  Nay,  if  even  the  fame  perfon 
furveys  it  twice,  he  will  differ  from  himfelf  more 
or  lefs  •,  efpecially  if  he  furveys  it  by  different  me- 
thods. 

If  any  geometrical  curve  is  given  to  be  furveyed  j 
you  muft  meafure  it  by  the  rules  of  menfuration, 
for  that  purpofe  •,  for  I  cannot  here  lay  down  rules 
for  all  forts  of  figures,  but  fuch  as  are  common, 
and  fuch  as  come  in  practice  every  day.  But  for 
geometrical  curves  of  all  forts,  I  muft  refer  to  that 
book.     But  thefe  things  rarely  come  in  queftion. 

P  R  O  B.     XVII. 

tfo  caft  up  the  contents  of  offsets  and  parts  of  irre- 
gular curves, 

1.  The  parts  of  a  field  contained  by  offsets  are 
trapezoids  and  triangles ;  and  therefore  they  mull 
be  meafured  as  fuch.  And  to  find  their  contents, 
multiply  each  part  of  the  ftationary  line  by  the 
fum  of  the  offsets  on  each  end  of  it,  and  this  being 
repeated  as  often  as  there  are  offsets  •,  add  them  all 
together,  and  take  half  the  fum,  and  divide  it  by 
10,  gives  the  whole  area  contained  by  thefe  offsets  5 
which  muft  be  added  or  fubtracted,  according  as 
they  lay  within  or  without  the  field*. 

If  the  offsets  are  at  equal  distances,  find  a  mean 
offset,  by  dividing  the  fum  of  them  all,  by  their 
number.  Then  multiply  this  mean  offset  by  the 
whole  bafe,  for  the  content  in  chains,  which  divide 
by  10. 


Examp. 
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Ex  amp.  „ 

Suppofe  AB  be  the  ftationary  line,  and  Aoegh  the 
hedge •,  and  let  the  offsets  be  as  in  Prob.  III.  Seel,  h 
To  find  the  area  A^bgeoA. 
Offset  at  A     o.  Offset  at  r,  0.87 

at  c,      0.87  at  d,  0.23 


0.87 

1. 10 

Ac     1.94 

cd^  1.48 

3  48 

880 

7*3 

440 

87 

no 

1.6578 

1.6280 

Offset  at  d,     0,23 

Offset  at/,     0.8c 

at/,     0,81 

at  B,    0.47 

1.04 

1.28 

4f>      -75 

/B,     .28 

520 

10  24 

728 

25  6 

.7800 

.3584 



1.68  78 

1.62  80 

,y8  00 

4.4542 

Content    .  2  2  2  7  in  acres3 
for  the  area  of  AEhgeo. 
And  after  the  fame  manner  mud  all  the  offset 
areas  be  found  in  the  field  ADF,  Fig.  26,  and  fub- 
tracled  from  the  whole  content,  as  they  lay  with- 
out the  field. 

2.  If 


9° 


SURVEYING. 

Fio\      2.  If  any  part  of  the  area  be  bounded  by  a  re- 
3.    gular  curve,  and  the  height  be  fmall,  multiply  the 
bafe  by  the  height,  and  take  £  the  product  for  the 
content  in  chains. 

35-       3.  When  forne  part  of  the  ground  is  bounded 

by  an  irregular  curve,  as  ahc,  meafure  the  bafe  AC. 

Then  for  finding  the  content  of  ACca  ;  erect  the 

perpendicular  crdinates  or  offsets  Aa,  B£,  Cc,  at 

equal  difcances,    and  meafure  them.      Then 

Aa  +  QC  +  4B3  x  AC?  will  be  the  area  of  ACca9 

6 

in  chains. 

Or  more  exactly,  if  ad  be  a  curve ;  divide  the 

bafe  AD  into  3  equal  parts  at  B,  C,  and  meafure  it, 

and  the  perpendicular  ordinates  Aa,  B£,  Qc,  Dd  -, 

,        Aa  +  Dd  +  ?Bb  +  3O       A  ~       .„  ,       . 

then  __L LJ ±JL~  x  AD,  will  be  the 

8 

area  of  ADda,  in  chains. 

Or  more  exactly  ftill.     Divide  the  bafe  AE  into 

four  equal  parts,    at  B,  C,  D  ;    and   meafure  the 

offsets  or  crdinates,  Aa,  B£,  Cc,  Dd,  Ee,  (as  in 

Cor.  Prob.  111.  Sect.  I.)  then  will 

7XAa  +  Ee  +  32  X  Bl>+Dd+  12G:  x  A£  bc- 

'        ,       .9°  ,    . 

the  area  of  AEea,  in  fquare  chains. 

S  C  H  O  L. 

If  a  lordfhip  is  to  be  furveyed  5  after  all  the 
fields  have  been  meafured  and  laid  down  in  the 
plan,  the  contents  of  them  all  are  to  be  caft  up, 
one  by  one,  by  fome  or  other  of  the  rules  and  di- 
rections beforegoing;  and  their  contents  written  in 
the  field,  or  elfe  put  into  a  table,  to  have  recourfc 
to  upon  occafion.  And  fuch  a  table  or  book  is  bed 
made,  to  have  the" names  of  the  clofes  go  on  alpha- 
betically •,  efpccially  if  the  lordfhip  be  large,  and 
Esther  of  clofes. 

r  K  0  B. 


tFuri 


>eyuy 


JPl:Z.f?a:ao 
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P  R  O  B,     XVIII. 

To  lay  out  any  number  of  acres  in  a  triangle , 
hafe  and  containing  angle  is  given. 

Multiply  the  bafe  AC  by  the  nat.  fine  of  the  36. 
angle  C,  for  a  diviibr,  by   which  divide  20  times 
the  acres  given  ;  and  the  quotient  is  the  fide  BC. 

Or  thus  by  logarithms.  To  the  log.  of  the  num- 
ber of  acres,  add  the  conftant  log.  11.30103,  and 
referve  the  fum.  To  the  log.  bafe  AC,  add  the 
log.  fine  of  the  angle  C  •,  and  fubtradt  this  fum  from 
the  former  fum.  The  number  of  the  remaining 
log.  is  the  fide  CB. 

For   if   A    be   the   number   of   acres,    then 


AC  x  CB  x  S  C 

2x10 
20A 


zr.  area   zz  A,    therefore  CB   — 


AC  x  S.C 

Examp. 

Suppcfe  17.64  acres  to  be  laid  out  in  a  triangle^ 
whofe  bafe  AC  is  24.8  1  chains  ;  and  angle  C,  38  2  00 
^0  find  the  other  fide  CB. 

17.64,      1.24649 
conft.  log.   1 1. 30103 

12.54752 


AC  24.81,      1.39463 
S.C  38  20,     979255 


11.18718 


CB  29.92,      1.36034     chains. 


Cor.  If  you  would  lay  out  any  number  of  acres  in  a 
triangle,  of  a  given  height. 

G  Divide 
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Kg.      Divide  twenty  times  the  number  of  acres,  by 
36.  that  height  or  perpendicular ;  the  quotient  is  the 
length  of  the  bafe,  for  any  triangle. 

P  R  O  B.    XIX. 

To  lay  out  any  number  of  acres  in  a  reel  angle,  whofe 
bafe  is  given* 

Divide  ten  times  the  given  number  of  acres,  by 
the  bafe  given  -,  and  the  quotient  is  the  height  of 
the  reftangled  parallelogram. 

Examp. 

Suppofe  64.25  acres  laid  down  in  a  reel  angle,  one  fide 
tf  which  is  18.27  chains ;  to  find  the  other  fide. 

i8.27)64&.5f35.i.6  the  height. 

9440 
9*35 


3°50 
1827 

1^23 


Cor.  If  the  acres  are  to  lie  in  a  fquare  \  extract 
the  fquare  root  of  ten  times  the  number  of  acres  given* 
for  the  fide  of  the  fquare. 


PRO  2. 
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Fig. 
P  R  O  B.     XX.  37. 

To  divide  a  triangle  in  any  ratio,  frwn  an  angle ; 
&r  to  cut  off  any  part  of  it,  by  a  line  drawn  from  an 
angle  B. 

Divide  the  oppofite  fide  AC  in  the  point  G,  in 
the  fame  ratio  that  the  triangle  is  to  be  divided  ; 
and  draw  the  line  BG. 

Or  if  the  area  be  known  ;  fay  as  the  whole  area 
ABC,  to  the  part  to  be  cut  off  ABG  •,  fo  is  the 
whole  bale  AC,  to  the  part  AG  to  be  cut  oft,  then 
draw  the  line  BG. 

As  if  you  want  J,  7  or  7  of  the  triangle  cut 
off,  make  AG  to  be  |,  J.  or  ~  of  AC,  and  draw 
BG. 

For  triangles  on  the  fame  bafe,  and  of  the  fame 
height,  are  as  the  bafes  j  therefore  ABG  :  ABC  : : 
AG  :  AC. 

Cor.  1 .  If  you  want  to  cut  off  a  given  quantity 
from  the  triangle,  without  knowing  its  content  •,  pro* 
eed  by  Prob.  XVIII. 

Cor.  2.  If  you  would  divide  the  triangle  into  any 
\umber  of  equal  parts  •,  /'/  is  only  dividing  the  fide  AC 
into  the  fame  number  of  equal  parts  •,  and  drawing 
tines  to  thefe  points,  from  the  oppofite  angle » 

PROB.     XXL 

To  divide  a  triangle  ABC  in  any  proportion,  by 
line  DE,  drawn  parallel  to  a  given  fide  BC  :  or  to 
\ut  off  any  part  of  it. 

Divide  either  fide  AC,  in  the  given  proportion,  38. 
|t  F.    And  make  AE  a  mean  proportional  between 

F  and  AC.  Thro*  E  draw  ED  parallel  to  BC, 
[rhich  divides  the  triangle  as  required. 

G  2  Or 
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3$.  Or   thus. 

Say  as  the  whole  triangle,  to  the  part  next  the 
angle  A  to  be  cut  off;  fo  is  the  fquare  of  either 
fide  as  AB,  to  a  fourth  number  ;  extract  the  fquare1 
root  of  it,  which  fet  from  A  to  D,  and  draw  DE 
parallel  to  AC,  for  the  dividing  line. 

For  the  triangles  ABC  and  ADE  are  fimilar  ; 
therefore  ABC  :  ADE  : :  AB1  :  ADZ :  :  AC2 :  AE2 :  J 
AC  :  AF. 

hOB,    XXII. 

To  divide  a  triangle  ABC  in  a  given  ratio,  by  a 
line  drawn  from  a  given  point  D  in  a  fide  \  or  to  cut 
off  any  fart  of  it. 

39*  From  the  given  point  D*  draw  a  line  DB,  to  the 
oppofite  angle  B.  Then  divide  AC  in  F  in  the 
given  ratio ;  and  from  F  draw  FG  parallel  to  DB, 
to  cut  CB  in  G  ;  then  draw  DG,  which  divides  the 
triangle  as  required  ;  the  part  DGC  being  at  FC  ; 
and  the  part  ADGB,  as  AF. 

For  drawing  BF,  the  triangles  GFB,  GFD,  con- 
tained between  the  fame  parallels,  are  equal  •,  add 
to  both  CFG,  then  CFB  is  equal  to  CDG ;  and 
therefore  either  of  them  is  to  the  whole  CBA,  as 
CF  to  CA. 

Cor.  i .  If  you  want  to  divide  the  triangle  ABC 
into  any  number  of  equal  parts  \  divide  the  bafe  AC 
into  the  fame  number  of  equal  parts ;  from  all  which 
points  draw  -parallels  to  BD  ;  and  where  they  interfeel 
the  fides  AB,  CB,  draw  lines  from  thence  to  D. 

Cor.  2.  If  you  want  to  cut  off  a  given  quantity 
from  the  triangle,  without  knowing  its  content  -,  pro> 
cecd  according  to  Prob.  XVIII. 


PROB, 
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Fig. 
PROB,     XX1IL  40. 

To  divide  a  triangle  ABC  in  a  given  ratio,  or  cut, 
off  any  fart  of  it,  by  a  line  G\  perpendicular  to  any 
fide  AQ. 

Draw  BD  perpendicular  to  the  fame  fide  AC. 
And  let  r  reprefent  the  part  to  be  cut  off,  and  s  the 

whole   area.     Then   take  AG  —  \/~xADxA(^ 

s 

and  at  G  erecl  the  perpendicular  GI,  then  AG  I 
is  the  part  required.  If  G  falls  between  D  and  C, 
take  the  other  part  (s  —  r)\  and  meafure  from  G. 

For,  triangle  AGI :  triangle  ACB  :  :  AG  x  GI : 
AC  x  BD : :  (by  fimilar triangles)  AG* :  AC  x  AD  : : 

—  X  AD  X  AC  :  AC  x  AD  :  :  r  :  s. 
s 

PROB.     XXIV. 

To  divide  a  triangle  ABC  into  three,  equal  parts,  41. 
by  three  lines  drawn  from  the  three  angles,  A,  B,  C. 

Make  AD  a  third  part  of  AC  •,  thro'  D,  draw 
DE  parallel  to  the  next  fide  AB.  Bifecl  DE  in 
F  j  and  from  F,  draw  to  the  three  angles  A,  B,  C, 
the  three  lines  FA,  FB  and  FC,  w}iich  will  divide 
the  triangle  as  propofed. 

For  fuppofing  a  line  drawn  from,  B  to  D,  the 
triangle  ABD  would  be  f  of  ABC,  but  ABD  and 
r\BF  are  equal,  being  contained  between  the  fame 
parallels  •,  therefore  ABF  is  -J-  the  triangle  ABC, 
Therefore  the  two  equal  triangles  AFC  and  BFC 
ire  equal  to  J  of  ABC,  and  each  is  -J-  of  it. 

Cor.  Hence  a  triangle  ABC  may  be  divided  into  % 
parts,  by  3  lines  drawn  from  the  three  angles,  which 
foal!  be  as  any  three  numbers  a,  b  and  c* 

G  3  For 
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Fig.  For  make  AD  to  AC  as  a  to  a  +  b  +  c  ;  and 
4.1?  draw  DE  parallel  to  AB.  Then  make  DF  to  DE 
as  &  to  b  4-  c  And  draw  AF,  BF  and  CF.  Then 
it  is  plain,  AFB  is  as  the  number  #,  and  AFC  as  £, 
and  BFC  as  r.  For  AFD  :  BFE  :  :  DF  (b)  : 
FE  (0  : :  DFC  :  EFC.     Or  AFC  :  BFC  :  :* :  c< 

P  R  O  B.     XXV, 

To  divide  a  triangle  ABC  into  3  parts  from  a  given 
'foint  D  within  it ;  to  be  to  one  another*  as  the  num~ 
bers  a%  b,  and  c. 

42.  In  any  fide  AC,  take  AH  to  AC,  as  a  to 
a  +  b  +  c^  and  draw  DH,  and  from  the  oppofite 
angle  B,  draw  BF  parallel  to  DH  ;  and  draw  DB 
and  DF,  then  ABDF  is  the  part  reprefented  by  a. 

In  like  manner  take  CG  to  AC,  as  another  of 
the  numbers  Z>,  to  a  +  b  +  c  ;  and  draw  DG,  and 
BI  parallel  to  it;  and  draw  DI.  pm  as  I  falls 
without  the  figure,  to  reduce  it  (by  Cor,  2.  Prob.  12.) 
draw  DC  and  IN  parallel  10  u,  to  cut  BC  in  N, 
and  draw  DN  ;  then  BDN  is  the  part  reprefented 
by  b.  Therefore  FDNC  is  the  third  part  repre-. 
fented  by  c 

For  fuppofing  BH  drawn,  then  by  conflruction 
ABH  will  be  equal  to  a  =  ABF  +  FBH  =  ABF  + 
FBD  ==  ABDF. 

Again,  if  BG  be  fuppofed  drawn  ;  then  by  con- 
ftrudtion  GBC  =  b  =  GBi  —  CBI  =  BDI  —  BCI 
£=  (DOI  being  a  right  line)  BDO  —  OCI  z=  BDN, 
becaufe  DON  zz  COI,  by  reafomof  the  parallels 
DC  and  NI. 

Cor.  By  the  fame  way,  one  may  divide  a  triangle 
into  as  many  parts  as  he  pleafes,  from  a  given  point  D 
within  it  ,  and  in  any  ratio  affigned. 

But  fuch  Problems  as  theie,  are  more  for  the  ex- 
ercife  of  Geometry,  than  for  any  great  ufe   they 

are 
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are  of  in  furv eying.    I  fhall  only  add  another,  about  Fig. 
triangles,  of  the  fame  fort.       .  42. 

P  R  O  B     XXVI. 

To  divide  a  triangle  ABC  in  a  given  ratio,  t?y  a 
line  IH,  drawn  thro'  a  given  pint  D. 

Make  AF  to  AC  as  the  part  AH  I  to  the  whole  43. 
ABC,  and  draw  BF,  and  alfo  DG  parallel  to  AC, 

Then  put  P  =  AB  *  AF-     And  take  AH  =  £P+ 
DG 

v^P  —  AGxP,  and  draw  IDH.  And  when  AH 
comes  out  greater  than  AB,  work  for  the  angle  Ca 
inftead  of  A. 

For,  the  triangles  AHI  and  AFB  will  be'equal, 

whence  AH  X  AI  =  AFxAB,  and  AI  =  AFxAB. 

AH 
And  by  the  fimilar  triangles  HGD,  HAI,  HG  : 

GD  :  :  HA  :  AI  or  AF  X  AB  :  :  AH*  :  AF  x  AB. 

AH  ' 

Whence  HA*  xGD-HGxAF  X  AB  =  HA— AG 
xAFxABzzHAxAFxAB  — AGxAFxAB, 

=  P  X  HA  —  P  x  AG.  Which  reduced,  and  thg 
root  extracted,  gives  HA=iP+  v'tPP— -AGxP. 

Cor.  If  the  point  given,   is  without  the  field,  at 

i\  then  will  AH  =  -JJP  +  \/lF+Ag  X  P. 

For  then  g  being  on  the  other  fide  of  A,  Ag  will, 
he  affirmative. 


Q  4  F  ft  O  ft 


98  SURVEYING. 

Fig. 

44.  P  R  O  B.     XXVII. 

To  divide  a  parallelogram  in  any  ratio,  of  to  cut 
off  any  part  of  it  \  by  a  line  parallel  to  one  of  the 
fides. 

Divide  the  other  fide  AB  at  E,  in  the  given  ra- 
tio, and  make  CF  equal  to  BE,  and  draw  the  line 
EF,  which  will  divide  the  parallelogram  as  was 
required. 

If  you  want  a  certain  part  of  it  cut  off;  take 
$E  the  fame  part  of  BA,  and  CF  of  CD ;  and 
draw  EF. 

If  you  defire  to  cut  off  fo  many  acres,  without 
knowing  the  content  of  the  whole  ;  divide  your 
number  of  acres  by  the  breadth  of  the  parallelogram, 
EG  ;  and  the  quotient  will  fhew  how  far  you  are  to 
meafure  along  the  fide  BA  or  CD  ;  where  you  mult 
draw  a  line,  parallel  to  the  fide  BC  or  AD,  as  EF. 

Cor.  Hence,  you  may  divide  a  parallelogram  into 
any  number  of  equal  parts  ;  by  dividing  the  oppoftte 
fides,  AB  and  DC  into  the  fame  number  of  equal  partsx 
and  drawing  lines  thro9  the  correfpondent  points. 

P  R  O  B.     XXVIII. 

To  divide  a  trapezoid  in  a  given  ratio,  or  to  cut 
any  part  of  it  •,  by  lines  ercjfng  the  parallel  fides. 

Divide  the  parallel  fides  AB,  DC  in  the  fame 
ratio,  and  to  the  fame  hand,  as  at  E  And  F  ;  and 
draw  the  line  EF,  which  will  divide  the  trape- 
zoid in  the  fame  given  ratio. 

Otherwife,  to  cut  any  part  off  it ;  make  AE  the 
fame  part  of  AB,  and  DF  the  fame  part  of  DC; 
and  draw  EF. 

r  Cor. 


AS 


Fig:  29  -j) 
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_Pt:ZZT.^a.#8- 
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Cor.  Hence  a  trapezoid  may  be  divided  into  as  many*lSm 
equal  pans  as  we  pleafe;  by  dividing  the  two  parallel  45* 
fides,  into  the  fame  number  of  equal  parts  *,  and  draw- 
ing the  ccrrefpondent  lines, 

P  R  O  B.     XXIX. 

To  divide  a  trapezium  in  any  given  ratio  of  the  part  sy 
from  an  angle  A. 

Draw  the  diagonal  BD  oppofite  to  the  given  an-  46. 
gle  A  ;  and  divide  it  at  I,  in  the  ratio  given  ;  and 
draw  the  lines  AI  and  IC,  which  will  divide  the 
trapezium  as  required. 

But,  if  you  would  have  one  right  line  drawn 
from  A  to  divide  it ;  draw  the  other  diagonal  AC, 
and  IF  parallel  to  it,  to  cut  DC  in  F,  then  draw 
AF,  which  will  divide  it  in  the  given  ratio. 

For  the  triangle  AID  is  to  AlB,  in  the  ratio  of 
DI  to  IB,  that  is  in  the  given  ratio  ;  and  CID  is 
to  CIB  in  the  fame  ratio  ;  therefore  the  part  ADFI 
is  to  the  part  ABCI  in  the  given  ratio.  But  by 
reafon  of  the  parallels  AC,  IF,  the  triangle  AIC 
is  equal  to  AFC  -,  and  therefore  ABCI  is  equal  to 
ABCF  5  and  ADCI  equal  to  ADF. 

P  R  O  B.    XXX. 

To  divide  the  trapezium  ABCD,  in  any  given  ra- 
tio, by  a  line  drawn  from  E,  a  point  in  the  fide  AB. 

Produce  the  oppofite  fide  DF  ;  and  reduce  the  47; 
trapezium  ABCD  into  the  triangle  GEH,  from  the 
point  E,  by  Prob  XII.     Then  divide  the  bafe  GH 
at  F,  in  the  given  ratio,  and  draw  EF,  which  will 
divide  the  trapezium  as  required. 

If  the  point    F  falls  not  between  D  and  C,  but 
between  C  and   H  •,  then  BC  mult  be  produced  for 

the 
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Fja.  the  bafe,  inftead  of  DC.     Or  elfe  reduce  it  back, 
*  by  Cor.  2.  Prob.  XII. 

For  the  part  DAE  is  equal  to  DGE,  and  ECH 
equal  to  ECB.  Therefore  E  ADF  is  equal  to  EGF, 
and  EBCF  equal  to  EHF,  whence  thefe  parts  are 
as  GF  and  FH,  that  is,  in  the  given  ratio. 

PROB.      XXXI. 

To  cut  of  any  quantity  of  land  from  a  trapezium, 
by  a  line  parallel  to  one  fide  >  as  CB. 

«        Divide   the  number  of  acres,  given  to  be  cut 
*  "  off,  by  the  fide  CB,  to  which  you  are  to  go  paral- 
lel.    And  the  quotient  fet  out  from  B  to  E,  anej 
from  C  to  F  ;  and  draw  EF.     But  if  EF  is  greater 
than  BC  you  muft  fcarce  go  fo  far,  from  BorC; 
or  if  it  be  lefs  you   may  go  fomething  further. 
But  when  this  is  fet  out,  as  the  field  is  irregular, 
you  muft  meafure  the  quantity  cut  off  CBEF,  and 
fee  what  it  is  over  cr  fhort.     Then  meafure  FE 
and  reduce  that  difference  of  the  areas,  to  fquare, 
chains,  which  divide  by  the  length  of  FE,   and 
the  quotient  muft  be  fet  from  E  towards  A,  if  you 
had  cut  off  too  little,  as  to  e  •,  and  from  F  to  /. 
But  the  contrary  way  if  you  had  cut  off  too  much. 
Then  draw  ef  for  the  true  line  of  divifion. 

Note,  you  may  fet  it  all  to  one  end  if  you  like ; 
and  then  you  muft  double  the  quotient,  and  fet 
it  from  E  to  ;z,  on  the  greater  fide,  and  draw  nV. 
And  indeed  the  courfe  of  the  ridges  in  a  field  ofT 
ten  confine  us  ;  fo  that  when  we  expect  they  run 
parallel  to  the  hedge,  we  find  them  otherwile  ;  and 
therefore  we  may  lay  out  more  at  one  end  than  the 
other,  in  thefe  cafes. 

Cor.  Hence  we  may  apply  this  method  to  any  poli- 
gon\  provided  the  fides  AB,  CD,  that  we  work  upon, 
£c  not  far  from  parallel.     Other  wife  a  proper  allow- 

•   ance 
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ance  muft  be  made  for  the  increafe  or  decreafe  of  the  Fig. 
line  EF,  4^- 

P  R  O  B.     XXXII. 

Any  poiigon,  regular  or  irregular^  being  given ;  to 
divide  it  in  a  given  ratio,  from  a  point  in  an  angle  or 
a  fide  ;  or  to  cut  off  any  quantity  from  it. 

Let  ABCDE  be  the  poiigon  •,  reduce  it  into  a  49, 
triangle  CFG,  by  Prob.  XII.  whofe  vertex  is  C, 
and  bafe  FG.  Then  divide  FG  in  the  point  I,  in 
the  ratio  given ;  and  draw  the  line  CI,  which  di- 
vides the  triangle  FCG,  and  alfo  the  poiigon 
ABCDE,  as  was  required. 

Note,  if  CI  do  not  cut  AE,  but  fome  other  fide 
AB  or  ED,  then  that  fide  it  cuts  muft  be  produced 
for  the  bafe  inftead  of  AE,  the  point  C  being  flill 
the  vertex  ;  or  elfe  it  may  be  reduced  by  Cor.  2. 
Prop.  XII. 

If  a  given  quantity  of  acres  was  to  be  cut  off; 
reduce  that  quantity  to  chains,  and  take  the  neareft 
diftance  from  C  to  AE  for  the  perpendicular  -7  di- 
vide twice  that  number  of  chains  by  this  perpendi- 
cular, and  the  quotient  will  be  the  length  of  the 
bafe,  which  fet  from  F  to  I,  then  the  line  CI  drawn, 
will  cut  off  the  quantity  propofed  ABCL 

Qtherwife  thus. 

If  the  ratio  of  the  two  parts  be  given,  and  the 
whole  quantity ;  then  either  part  is  eafily  found. 

Therefore  to  cut  off  any  quantity  towards  CB, 
meafure  fo  many  triangles  next  that  fide,  as  CBA, 
CAE,  &c.  till  you  have  fomething  too  much  (or 
wants  a  fmail  matter) ;  then  cut  off  the  overplus 
from  the  lad  triangle  (or  the  defect  from  the  next) ; 
and  draw  the  line  of  divifion. 

Tru*  method   to  cut  off  the  due  part  of  the  lahV 
triangle  is  this,  let  CAE  be  the  triangle,  then  di^ 

vide 
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Fig.  vide  twice  the  excefs  (reduced  to  chains)   by  the 
49,  perpendicular  from  C  to  AE  ;  and  the  quotient  fet 

from  the  laft  angle  E  to  I,  gives  the  point  of  di- 

vifion. 

Examp. 

The  field  ABCDE  contains  42  acres,  the  part 
CBAI  to  be  cut  off  is  27  acres.  The  triangle  CBA 
is  10.80  •,  the  triangle  CAE  is  24.46.  The  per- 
pendicular 22.7. 

10.80 

24.46 


35- 
27. 

26 
00 

over  8. 
82.6 

26 

=  82.6 
chains 

2 

,28 

22 

.7)165.2(7, 
1589 

-El 

630 
454 

- 

1760 

Therefore  if  ET  be  made  7.  28.  chains,  and  CJ 
drawn  ;  the  part  CBAI  will  contain  27  acres. 

Cor.  By  the  fame  method,  a  poligon  may  be  divided 
into  any  number  of  equal  parts ;  and  even  into  any 
number  of  parts,  whofe  proportions  are  expreffed  by 
any  numbers. 

This  is  done  either  by  dividing  the  bafe  cf  the 
triangle  FG  in  the  ratio  of  the  feveral  parts.  Or 
elfe  cutting  off  the  feveral  parts  of  the  figure  one 

after 
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after  another.     And  when  there  are  many  parts,  it  £ig. 
comes  to  no  more,  than  dividing  a  triangle  into  fe-  49. 
veral  parts,  by  lines  from  the  vertex,  as  explained 
in  Prob.  XX. 

This  problem  is  of  very  great  ufe  in  practice ; 
and  by  thefe  methods  any  pieces  of  land  may  be  di- 
vided more  expeditioufly,  and  as  truly  as  by  any 
method  whatfoever.  And  for  meafuring  any  poli- 
gon,  when  it  is  reduced  to  a  triangle,  it  is  done  at 
once  ;  which  otherwife  would  require  as  many  cal- 
culations, as  there  are  triangles. 

PROB.     XXXIIL 

To  divide  a  poligon  into  any  number  of  parts,  equal 
or  unequal ;  by  lines  drawn  /rem  a  point  within  it. 

To  do  this,  you  mud  have  the  content  of  every 
triangle  in  the  field, and  of  the  whole  field.  And  then 
beginning  at  any  angle,  draw  a  line  to  that  angle, 
and  take  fo  many  of  the  firft  triangles  as  will  make 
the  firft  part  required  -,  and  v/hat  they  fall  fhort  of 
that  part,  cut  off  the  next  triangle.  Then  take 
the  remainder  of  that  triangle,  and  fo  many  of  the 
next,  as  will  make  up  the  fecond  part.  And  fo  pro- 
ceed round  the  figure,  till  all  the  parts  be  laid  out. 

Examp. 

Let  ABCDEF  be  a  field  containing  69  acres,  which  r0# 
is  to  be  divided  among  three  men,  from  a  pond  in  the 
middle  at  G  •,  fo  that  every  man  may  have  the  benefit  of 
the  water.  And  the  firft  man  to  have  2  5  acres,  the 
fecond  20,  and  the  third  24.  To  Jet  out  every  manys 
fh are  from  the  angle  C. 

Draw  the  line  GC  for  the  beginning  of  the  divi- 
fion  ;  and  alfo  lines  to  all  the  reft  of  the  angles,  as 
GB,  GA,  GP,  GE,  and  GD.      Then  mcafure  all 

the 
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Fig.  the   triangles ; 

;   and  their  contents  will  be  as  fol 

50.  lows. 

CGB 

n. 81 

BGA 

15.27 

AGF 

6.07 

FGE 

6.65 

EGD 

16.83 

DGC 

^'37 

69.00 

Then  fince  the  firft  man's  (hare  is  25  acres,  th$ 
firft  triangle  CGB  11,81  is  too  little,  and  the  firft 
and  fecond  triangles  together,  CGB  and  BGA* 
comes  to  27*08,  which  is  more  than  25  ;  therefore 
fubtract  25  therefrom,  and  there  remains  2.08, 
And  therefore  we  muft  cut  off  2.08  acres  from  the 
triangle  BGA  towards  A.  To  do  which,  meafure 
the  perpendicular  from  G  to  BA,  13.28  chains, 
and  reduce  2.08  acres  to  chains,  which  will  be 
20.8;  divide  41.6  or  double  thefe  chains,  by  13.28; 
and  you  have  for  the  quotient  3.13  chains  •,  which 
fet  off  by  meafure,  from  A  towards  B,  as  to  H> 
for  the  dividing  point.  And  draw  GH,  fo  CGHB 
is  the  firft  man's  fhare. 

Then  for  the  next  man's  fhare.  Add  this  2.08 
acres  cut  off,  to  the  next  triangle  AGF  6.07,  the 
fum  is  8.15  which  is  too  little,  add  the  next  trian- 
gle FGE  6.6 5,  makes  14.80  acres,  which  is  ftill 
too  little  •,  and  adding  the  next  triangle  EGD,  it 
will  be  far  too  much.  Therefore  we  fhall  cut  off 
an  additional  part  of  the  triangle  EGD  at  E.  Sub- 
tract 14.80  from  20  the  fecond  man's  fhare,  and 
there  remains  5.2  acres,  or  52  chains.  The  per- 
pendicular from  G  upon  ED  is  1 3.9  chains*  There* 
fore  divide  104  (the  double  of  52)  by  13.9,  and 
the  quotient  is  7.^8  chains  *  and  this  muft  be  mea- 

fured 
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lured  off  from  E  towards  D,  as  to  I.     Then  drawFig. 
GI,  and  HGIEFA  will  be  the  fecond  man's  (hare.    50. 

Laftly,  the  remainder  of  the  triangle  GDE,  is 
1 1.63  equal  to  the  part  IGD  ;  to  this  add  the  trian- 
gle DGC  12.37;  and  the  fum  is  24  acres  for  the 
area  GIDC,  which  is  the  third  man's  ihare.  So 
the  field  is  divided  as  was  required. 

If  the  field  was  to  be  divided  into  any  number  of 
equal  parts  -,  divide  the  whole  content  of  the  field 
by  the  number  of  parts,  the  quotient  mews  the 
quantity  of  one  part  or  Ihare.  As  if  there  were 
12  equal  (hares  in  it,  then  one  fhare  will  be  y.$ 
acres.  Therefore  cut  from  the  triangle  CGB,  7.5 
acres  -,  and  from  that  and  the  next  j.5  acres  more* 
and  fo  on  •,  which  may  be  done  as  before  directed  ; 
or  by  Con  Frob:  XVIII. 

If  you  defire  to  cut  off  any  number  of  acres  gi- 
ven, without  knowing  the  content  of  the  whole 
field.  You  muft  meafure  triangle  after  triangle, 
till  you  get  as  much  as  you  want,  or  very  neat  it. 
And  for  the  defect  cut  off  a  part  of  the  next. 

P  R  O  B.     XXXIV. 

To  transfer  a  plan  or  map  truly,  from  one  paper  to 
another. 

Lay  your  plan  upon  the  blank  paper,  and  fitf 
them  both  together  upon  fome  flat  board  or  table* 
that  they  may  not  move  from  one  another  or  part 
alunder,  till  the  operation  is  done.  Then  with  a 
fine  needle  or  pricker,  make  fmall  pricks  thro'  all 
the  principal  angles,  or  places  on  your  plan,  which 
will  make  fo  many  marks  in  your  paper.  Then  take 
off  the  plan,  and  draw  lines  trom  one  point  or  mark 
to  another,  as  you  find  them  in  the  plan ;  till  all 
the  lines  be  laid  down.  If  you  be  in  any  doubt 
about  fome  point  or  prick  j  takes  its  diftance  from 

one 
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Fig*  one  or  two  points,  you  are  certain  of;  and  apply 
it  to  the  plan,  and  that  will  fet  all  to  rights. 

Or  thus. 

Take  the  map  or  plan,  and  rub  the  backfide 
all  over  with  black  lead  ;  then  lay  your  paper  upon 
a  flat  table,  and  upon  that  lay  the  leaded  fide  of  the 
plan.  Fallen  them  at  the  four  corners,  that  they 
may  keep  together.  Then  with  a  fharp  pointed 
bodkin  run  over  all  the  lines  in  your  plan,  laying 
pretty  hard  on  ;  and  fuch  other  objects  as  you 
would  exprefs.  Then  take  off  the  map,  and  all 
the  lines,  that  you  traced  with  the  bodkin,  will  ap- 
pear upon  the  paper ;  which  you  may  draw  with 
ink,  or  may  rub  out  at  pleafure,  with  crums  of 
bread. 

Otherwise  thus. 

Take  a  paper  well  oiled  with  linfeed  oil ;  and 
laying  the  map  upon  a  table,  lay  the  oiled  paper 
upon  it,  and  fallen  them  together ;  then  you  may 
lee  all  the  lines  and  furniture  of  the  map,  thro5  the 
oiled  paper,  as  thro'  a  clear  glafs.  Then  with  pen 
and  ink,  or  with  a  bodkin,  draw  or  trace  all  the 
lines  in  the  map.  So  will  you  have  a  map  in  the 
oiled  paper,  which  you  may  place  upon  another  pa- 
per, if  you  pleafe.  Thus  by  an  oiled  paper,  may 
the  figure  of  any  flower,  fruit,  or  other  curious 
thing,  be  taken  from  any  draught  of  it. 

Or  thus. 

The  drawings  in  a  map  may  be  transferred  to 
another  paper,  by  taking  every  line  from  the  one, 
and  fetting  it  upon  the  other,  with  a  pair  of  com- 
pafifes  :  but  this  is  very  tedious,  and  requires  a  deal 
of  time  •,  but  to  facilitate  the  work,  there  are  three 
legged  compaffes  made,  to  take  off  three  points  at 
once,  and  fet  them  down  on  the  new  paper. 

PROB. 
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Fig. 
P  R  O  B.     XXXV.  5 1. 

To  reduce  any  field  to  a  greater  or  leffer  fize7  in  any 
proportion  of  the  fides. 

Take  a  point  in  a  fide  or  an  angle,  as  at  A. 
From  that  point,  draw  lines  to  all  the  other  angles, 
as  AE,  AD,  AC.  Then  on  any  fide  or  diagonal, 
fet  off  the  length  of  that  fide  or  diagonal,  accord- 
ing as  you  would  have  it  reduced  ;  iuppofe  along 
AF,  from  A  to/.  From/  draw  fe  parallel  to  FE, 
to  interfere,  the  next  diagonal  AE  in  e.  From  e 
draw  ed  parallel  to  ED,  to  interfect  AD  in  d.  From 
d  draw  dc  parallel  to  DC  to  interfecl  AC  in  c.  From 
e  draw  cb  parallel  to  CB.     Then  afedeba,  wil    be 

the  reduced  figure. 

... 
Or  you  may  take  a  point  within  the  figure,  as  at  52. 

P  *,  from  which  draw  lines  to  all  the  angles,  PA, 
PB,  PC,  PD,  PE.  Then  make  Fa  the  reduced 
length  of  any  line  as  PA  •,  and  from  a  draw  ab  pa- 
rallel to  A3,  to  interfeft  the  next  line  PB  in  b.  In 
like  manner  draw  be,  cd,  de,  ea,  parallel  to  -BC, 
CD,  DE,  EA ;  each  from  the  interferon  of  the 
correfpondent  line  drawn  from  P.  And  abcdewWl 
be  the  figure  reduced,  as  was  propofed.  And  by 
the  fame  rules,  they  may  be  reduced  to  a  bigger 
fize,  as  well  as  a  letter. 

Cor.  1.  Hence  the  reduced  figure  is  fimilar  to  the  52, 
original  figure. 

For  the  angles  are  all  equal  •,  and  the  fides  pa- 
railed,  and  proportional,  to  thofe  in  the  given  fi- 
gure. 

Cor.  1.  Hence,  a  figure  ACE  may  be  divided  in  a 
given  ratio,  by  lines  parallel  to  the  fides  of  the  figure  ; 
by  the  fame  method. 

Making  Af  to  AF\  or  ?al  to  PAZ,  in  the  gi- 
ven ratio. 

H  PRO  B, 
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To  reduce  a  map  or  plan,  to  a  lefs  or  greater  fize% 
in  any  proportion  of  the  fides. 

If  the  draught  or  plan  is  not  large,  lay  it  down 
again  by  a  fmaller  fcale  •,  to  do  which  you  mult 
take  every  line  from  the  plan,  and  apply  it  to  the 
fcale  it  was  laid  down  by ;  and  then  take  the  fame 
numbers,  off  the  lelfer  fcale,  to  be  laid  down  in 
the  new  plan.  Thus  you  muft 'perform  the  whole 
work  geometrically,  by  fcale  and  compafs  ->  and  it 
is  beft  to  ufe  a  diagonal  fcale,  by  reafon  of  their 
minute  divifions.  But  when  the  plan  is  large,  this 
method  is  tedious. 

Otherwife. 

Make  a  reducing  fcale  with  a  fmall  hole,  in  a  line 
with  the  edge  of  it,  and  nearer  one  end  than  the 
other,  in  proportion  of  the  fize  it  is  to  be  reduced 
to.  Thefe  are  both  graduated  with  equal  parts,  in 
the  fame  proportion.  Then  glue  or  fix  your  map 
to  a  table,  and  clofe  by  it  edge  by  edge  a  paper,  on 
which  it  is  to  be  reduced  into  a  lefTer  or  greater  form. 
Put  a  ftrong  needle  thro'  the  hole  in  the  center  of 
the  reducing  fcale,  and  fix  it  in  the  table  about  the 
middle  of  the  line  where  their  edges  join.  Then, 
if  you  would  reduce  it  to  a  lefTer  fize  •,  turn  the  edge 
of  the  longer  end  of  the  fcale,  to  any  object  on 
the  plan ;  and  fee  what  number  of  equal  parts  it 
cuts  -,  and  find  the  fame  number  on  the  other  end 
of  the  fcale,  and  by  its  edge  make  a  mark  on  the 
paper,  for  the  place  of  that  object.  And  thus  you 
mud  proceed  till  all  things  on  the  map  be  laid 
down. 

But  if  you  would  make  a  larger  draught,  you 
muft  turn  the  fhorter  end  of  the  fcale  to  the  objects 
On  the  map,  and  the  longer  end  to  the  paper. 

The 
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The  rule  muft  be  a  thin  plate,  that  the  numbers  Fig. 
lay  be  pricked  off  by  the  edge  of  it. 

But  plots  or  maps  are  beil  reduced  by  an  inftru- 
lent  contrived  on  purpofe.  This  is  made  with 
vo  drawing  pens ;  fo  that  tracing  one  of  them 
per  all  the  lines  in  the  plan,  the  other  pen  will 
Scribe  it  anew  on  a  clean  paper,  either  in  a  lefTer 
r  a  greater  fize,  as  one  pleafes. 

Or  thus. 

Inclofe  the  map  in  a  large  fquare,  and  divide  that  53. 
1  to  ieveral  fmall  fquares.  Alfo  make  a  fquare  upon  54. 
our  new  plot,  fo  much  lefs  than  the  other,  as  you 
rould  have  it  diminifhed  ;  and  divide  it  alfo  into 
le  fame  number  of  fmall  fquares.  Then  obferve 
1  what  fquare,  and  what  part  of  the  fquare,  any 
bjecl:,  on  the  map,  is  placed  -9  then  place  it  in 
le  like  fquare,  and  in  the  fame  part  of  it,  on  your 
ew  plan.  And  thus  transfer  every  remarkable 
oint  in  the  map,  into  your  new  plot ;  putting  it 
1  its  proper  fquare,  and  into  the  fame  fituation. 
"hus  in  fig.  53.  you  have  feveral  clofes  to  the  weft, 
nd  a  hill  near  them  •,  likewife  a  river  running  thro' 
le  ground,  two  trees  near  it,  and  a  houfe  a  little 
elow  •,  with  a  road  leading  to  it.  And  in  the  re- 
uced  plan,  fig.  54.  you  have  alfo  the  clofes  to  the 
reft,  and  hill  near  them  •,  and  the  river  running 
tiro'  the  ground,  and  two  trees  befide  it,  and  a 
oufe  below,  and  the  road  going  to  it  •,  and  all 
>laced  in  the  correfponding  fquares,  and  the  fame 
>arts  thereof.  And  thus  all  other  things  therein, 
iught  to  be  placed.  And  the  fame  way,  a  plan  is 
educed  from  a  lefTer  to  a  greater  fize  -,  but  this 
eldom  comes  in  praftice. 

This  method  is  very  proper  for  a  large  plan,  be- 
:aufe  it  contains  a  great  variety  of  things. 

H  2  PR  OB. 
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PROB,    XXXVII. 

To  reduce  one  fort  of  meafure  into  another. 

In  fome  places,  thro'  cuftom,  they  reckon  more 
feetto  the  perch  than  the  ilatute  allows  -,  and  there- 
fore an  acre  with  them  will  be  greater  than  a  fta- 
tute  acre.  But  to  know  how  many  flatute  acres 
there  are  in  any  field,  furveyed  by  a  different 
perch;  and  the  (contrary);  by  having  that  perch, 
and  the  correfpondent  number  of  acres  given. 
Multiply  the  number  of  acres  by  the  fquare  of  the 
length  of  the  perch  it  was  furveyed  and  planned 
by  •,  and  divide  the  product  by  the  fquare  of  the 
other  parches  length ;  and  the  quotient  gives  the 
number  of  acres,  according  to  that  perch. 

Examp. 

Suppofe  a  field  of  40  acres  was  planned  by  a  perch 
of  18  feet  •,  bow  many  fiatate  acres  does  it  contain  ? 
18  164         272.215)12960)47.60 

18  164.  10890 


144 

96 

20700 

18 

16 

19054 



i6£ 

— _ — 

324 

16460 

40 

*7*i 

16332 

12960 

128c 

Anf.  47.6  acres. 

Cor.  The  length  of  the  perch*  a  field  is  meafurei 
by  i  is  reciprocally  as  the  fquare  root  of  the  number  of 
acres*  it  meafures  to>  by  that  perch. 

PROB. 
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PROB.    XXXVIII. 

Having  given  the  content  of  a  field  \  to  find  what 
fcale  it  was  laid  dawn  by  -,  or  how  many  parts  to.  an  inch. 

Take  any  number  of  parts  to  an  inch  for  your 
fcale,  by  which  meafure  the  content  of  the  field  •, 
then  multiply  the  content  given  by  the  fquare  of 
your  fcale  (or  number  of  parts)  and  divide  the 
product  by  the  content  found  by  that  fcale ;  the 
fquare  root  of  the  quotient,  is  the  true  fcale,  or 
number  of  parts  in  an  inch. 

Examp. 

'There  is  a  field  contains  twelve  acres,  but  meafured 
by  a  fcale  of  10  parts  in  an  inch,  its  content  is  164. 
acres*     1o  find  the  fcale.    . 

10   24 

10   100 

100 

7675)2400(145.5,   i45-5(I2'°7 
165.       1 

750      22)45 
660        44 

90         1.50 
82 

8 

£0  the  fcale  contains  12.07  parts  in  an  inch. 

Cor.  The  fcale  or  number  of  parts  in  an  inch,  is 
as  the  fquare  root  of  the  content  found  by  it,  in  a  given 
field. 

H  3  SECT. 
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SECT.      III. 

Of  Meafuring  inaccejffible  Heights,  and 
Dijiances. 

nt  >,     I,.  ..  i     ...  i 

P  R  O  B.     I. 

To  meafure  the  height  of  any  perpendicular  oijecl  ABf 
where  you  can  come  to  the  bafe  A. 

55.  T  ET  ABD  be  the  object,  as  fuppofe  a  tower, 
I  j  whofe  height  AB  is  required  •,  AC  a  horizontal 
line  •,  for  here  C  is  -fuppofed  to  be  level  with  the 
foot  of  the  objed  at  A. 

Take  your  (tanon  at  C,  about  as  far  from  the 
object  as  the  height  of  it;  and  where  vou  can  fee 
both  the  top  and  foot  of  the  object  •,  and  there 
place  your  inftrument,  with  which  take  the  angle 
BCA  •,  that  done,  meafure  the  diftance  CA,  from 
the  inftrument  to  the  foot  of  the  tower.  Then  by 
plain  trigonometry  fay, 

As  radius : 

to  the  diftance  CA  : : 

So  the  tangent  of  the  angle  BCA  : 

to  the  height  of  the  tower  AB. 
To  the  height  thus  found,  add  the  height  of 
the  inftrument  above  the  ground. 


Examp< 
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Fig- 
Ex  amp.  55, 

Suppofe  the   angle  BCA  51  52,  and  diftance 
CA,  64  feet. 

Rad  — •  10 

CA  64  —  1. 80618 

Tan.  51  52     —  10.10510 

AB  814         —  1.91128 


To  which  add  4  feet  the  height  of  the  eye,  the 
fum  is  $$~  feet. 

This  may  alfo  be  refolved  by  projection  ;  draw 
CA,  on  which  fet  64  feet  from  any  fcale,  to  A. 
Erect  the  perpendicular  AB.  Then  make  the  an- 
gle ACB  51  52  ;  and  draw  CB  interfering  the 
perpendicular  in  B,  the  top  of  the  tower.  Then 
AB  meafured  on  the  fame  fcale,  gives  8  if. 

Otherwife,  by  tht  fhadow* 

Upon  plain  ground,  fet  up  the  ftaff  ab  perpen- 
dicular to  the  horizon  ;  fo  that  the  fun  fhining,  it 
may  caft  the  fhadow  <zr,  and  let  AC  be  the  fhadow 
of  the  tower  AB.  Then  meafure  the  fhadows  ac 
and  AC,  and  the  length  of  the  ftaff  ab.     Then  fay, 

As  the  length  of  the  ftaff' s  fhadow  ac  : 

is  to  the  height  of  the  ftaff  ab  :  : 

So  is  the  length  of  the  obj eel9 s  fhadow  AC  : 

to  the  height  of  the  objett  AB. 
Or  thus  by  the  fhadow  without  the  ftaff.  Take, 
with  an  inftrument,  the  altitude  of  the  fun,  when 
the  fhadow  of  the  top  of  the  tower  B,  falls  at  C. 
Then  meafure  CA,  and  you  have  the  angle  C,  and 
the  bafe  C A ;  to  find  the  perpendicular  B A  •,  which 
is  done  by  the  firft  method. 

H  4  Scho- 


H4 
Fig. 

55- 
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S  C  H   O  L  I  U  M. 

In  taking  the  angle  ACB,  if  you  move  back- 
wards  or  forwards,  till  that  angle  be  juft  45  de- 
grees i  then  the  diftance  CA~  being  meafured,  will 
be  equal  to  the  height  AB. 

If  you  be  on  the  top  of  the  tower,  you  may 
take  the  angle  ABC,  to  any  mark  at  C  -,  then  lub- 
tracting  the  angle  ABC  from  90,  gives  the  angle 
ACB  •,  then  meafuring  AC ;  from  theie,  AB  will 
be  tound  as  before.  And  this  comes  to  the  fame 
thing  as  meafuring  a  depth. 

Hence  alfo  if  the  height  AB  be  given,  the  dif- 
tance of  any  point  C,  as  AC,  may  be  found  •,  ha- 
ving the  angle  ACB.  It  is  only  varying  the  pro- 
portion, given  in  the  firfl  method. 

We  may  obferve,  that  the  altitude  AB,  may  be 
found  othervvife  than  by  calculation,  if  we  can  get 
to  the  top  of  it.  And  that  is,  by  help  of  a  line 
and  plummet,  let  down  from  the  top  B,  to  the 
bottom  at  A.  For  the  length  of  the  line,  reach- 
ing from  B  to  A,  being  meafured,  gives  the  height 
BA. 

P  R  O  B.     II. 

To  meafure  an  inacceflible  height  DB. 

56.       Suppofe  DB   to  be  a  tower  and  a  fpire,  where 
we  cannot  come  at  the  bottom  of  it  •,  or  in  cafe  of 
a  mote  or  other  hindrance,  between  us  and  the  ob- 
ject •,  that  we  can  get  no  nearer  than  A  \  we  mult 
proceed  thus. 

Suppofe  the  line  of  ftation  B  AC,  drawn  from  the 
foot  of  the'  perpendicular  DB,  to  be  horizontal. 
In  this  line  we  mud  take  two  ftations  A  and  C,  at 
a  good  diftance  from  one  another.  Then  place  the 
instrument  at  A,  and  take  the  angle  DAB,  fuppofe 
58°  j  then  go  to  the  other  ftation  C,  and   take  the 

angle 
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angle  DCB,  38   deg.     Then  meafure  the  diftanceFig. 
between  the  ftations  CA,   26  yards.  56. 

Then  to  project  it,  draw  a  line  CB,  and  at  one 
end  A,  make  the  angle  DCB  3S  deg.  and  draw 
CD.  Then  fet  off  the  Stationary  diitance  26  from 
C  to  A  ;  and  at  A  make  the  angle  BAD  58  deg. 
and  draw  AD,  to  interfect  CD  in  D.  Then  the 
diftance  of  D  from  the  line  CB,  applied  to  the  fcale, 
gives  the  height  40  yards. 

Or  thus^  by  Trigonometry. 

Subtract  BCD  38%  from  BAD  58*3    there  re- 
mains 20°,  for  the  angle  ADC.     Then, 

As  ^Rad  "—         I0' 

IX  f.  ADC,  20         9-53405 

To      CA,  26  1. 41497 

So  is  iSC'  38  9-7^934 

^01S  \x  S.A,  58  9.92S42 


21.13273 
To  the  height  BD,  39.7,  1.59868 


To  this  height,  add  the  height  of  the  inftrument 

above  the  ground  for  the  whole  height. 

For  by  trigonometry,    S.  <C  D  :  C A  :  :  S.  <zC  . 

.^       S.CxCA       ,      ,     ,^       S.CxCA 
AD  = - and  rad  :  AD  or - :  : 

S.D  S.D 

S.A  :  BD  5  that  is, 

Rad  x  S. ADC  :  CAxS.  ACD  :  :  S.BAD  :  height  BD. 
or  Rad  xS.  ADC  :  S. ACD  x  S.BAD  :  CA  :  BD. 

Or  thus,  by  nat.  tangents. 

Find  the  difference  of  the  cotangents  of  the  an- 
gles BAC,  and  BAD.     Then, 
As  the  dif.  cotangents  : 
Radius  :  : 

So  the  jlaticnary  diftance  CA  : 
to  the  height  DB.  Cot. 


n6 

S 

U 

R    V    E    Y    I    N    G; 

Fig. 
5*. 

Cot.  38 
Cot.  5S 

1.27994 
.62487 

diff. 

-65507 

then 

.655  :  1  :  :  26  :  DB. 
1 

.655)26.00(39.7  =.  DB. 
1965 

6350 
5S95 

455 

For  if  DB  be  radius,  CA  will  be  the  difference 
of  the  tangents  of  ADB  and  CDB,  which  are  the 
complements  of  A  and  C.  And  therefore  rad  :  that 
difference :  :  DB  :  C  A. 

Otherwife  thus. 

If  you  take  two  ftations  at  A  and  C,  fo  that  the 
angle  DAB  mail  be  double  to  DCB.     Then  CA 
will  be  equal  to  AD. 
Then  Radius : 

the  ftaticnary  diftance  AC  : : 
S.angle  DAB : 
to  the  height  DB. 

Or  thusl 

Take  the  (lation  at  A,  fo  that  the  angle  DAB 
may  be  juft  45  degrees ;  and  the  angle  DCB  26; 
34.  Then  the  height  DB  will  be  equal  to  the fta- 
tionary  diftance  CA. 

For  when  DAB  is  45,  DB  =  BA  =  CA,  and 
CB  =  2DB.  But  it  is,  as  CB  (or  2DB)  :  DB,  or 
as  2:  1  : :  rad  :  tan.  260  34'. 

Cor. 
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Fig, 
Cor.  1.  Hence  one  may  find  the  height  of  one  ob-  r<5# 

jecl,  DEF,  Jianding  upon  another  GFF. 

Firft  find  the  whole  altitude  DB,  and  then  the 

height  of  the  tower  EG,  by  this  Prob.     And  their 

difference,  is  the  height  of  the  fpire  EDF  alone. 

Cor.  2.  If  the  height  of  the  tower  EG  be  known ; 
any  diftance  CA,  in  the  line  GC,  may  be  meafured 
from  E. 

For  that  is  only  the  reverfe  of  this  Prob.  and 
therefore  CA  may  be  found  by  working  the  pro- 
portion backwards,  by  the  natural  tangents  ;  or  by 
the  fines  ^  as  laid  down  before. 

PROB.    III. 

To  meafure  an  inacceffible  height  BD,  by  means  of 
any  two  ftations  \  fo  that  one  of  them  A,  may  be  level 
with  the  bafe  B  of  the  objecl. 

Draw  the  horizontal  line  BA,  and  taking  one  57* 
ftation  at  A  in  that  line,  take  another  any  where 
as  at  C,  no  matter  whether  it  be  higher  or  lower. 
Place  the  inftrument  at  A,  and  take  the  angles 
BAD  and  DAC,  and  go  to  C,  meafuring  the  fta- 
tionary  line  AC  ;  and  at  C  plant  the  inftrument, 
and  take  the  angle  ACD.  Then  fubtract  the  fum 
of  the  angles  DAC  and  DC  A  from  180,  to  get 
the  angle  ADC. 

Then  fay,        r  Radius 

as  I  X  S.  ADC 

j   rS.ACD 

tolX  S.DAB 

So  thefiationary  diftance  AC : 

to  the  height  BD. 

Examp. 
There  is  a  tree  DEftanding  upon  a  high  hill  BE  ;  to 
find  the  height  of  its  top  D,  above  the  level  of  A. 

Firft 
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Fig.  Firft  I  place  the  inftrument  at  A,  and  take  the 
57.  angle  BAD  58  deg.  and  the  angle  DAC  720  10'. 
And  then  I  meafure  the  flationary  diftance  AC  26 
yards,  and  at  C  I  fix  my  inftrument,  and  take  the 
angle  ACD  640  30'.  Therefore,  ADC  is  43  20. 
Whence, 

{Rad.  10* 

S.ADC,  43  20,  9-83647 

rS.ACD,  64  30,  9-9554% 

IS.DAB,  58    o,  9.92842 

AC,  26  1*41497 

21.29887 
height  BD,  29  1.46240 

Then  to  this  height,  add  the  height  of  the  in- 
ftrument. The  demonftration  is  the  fame  here,  as 
in  the  laft  Prob. 

Or  thus. 

Take  the  ftation  A,  fo  that  the  angle  BAD  may 
be  30  deg.  Then  will  DA  be  equal  to  2DB ;  and 
it  will  be, 

As  S.ADC, 
to  tCA  ; 
So  S.ACD, 
*    to  the  height  DB. 

Otherwlfe  thus. 

This  fuppofes  both  ftations  A  and  C  to  be  level 
with  the  bafe  B  of  the  objecl. 

Here  are  given  the  angles  of  altitude  BAD, 
BCD,  and  the  horizontal  angle  at  one  of  the  fta- 
tions, as  ACB,  and  the  ftationary  diftance  CA. 

Make  as  tan.  BCD  :  tan.  BAD :  :S.ACB  :  S.BAC, 
obferve  whether  acute  or  obtufe. 

Then  fubtract  the  fum  of  the  angles  BCA  and 
BAC  from  180,  gives  the  angle  ABC.    Then  fay, 

As 


Fiff-43-       yf?  A  44  E B  A       E     45        B 


tfuryeyirig 


Tl.W.joa:u$ 


I! 


57 
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As  S.ABC  x  radius  :  S.ACB  x  tan.  BCD  •  :  foFig. 

the  ftationary  diftance  AC  :  to  the  height  DB.  57. 

This  method  is  deduced  from  Prob.  125  of  my 
Algebra. 

In  the  former  method*  the  point  C  may  be  either 
in  or  out  of  the  plane  DAB,  as  is  evident.  For  DAB 
is  perp.  to  the  horizon  ;  but  ADC  may  be  any  way 
inclined  to  it.  But  in  the  latter  method  both  ADB, 
and  CDB  are  perp.  to  the  horizon  •,  and  therefore 
the  plane  DCA  muft  always  be  inclined  to  it. 

Cor.  1 .  A  depth  may  be  found  the  fame  way  as  an 
altitude  \  by  affuming  two  ftations,  from  both  which, 
any  fpot  in  it  may  be  feen,  where  you  can  fet  up  a  mark. 

This  is  eafily  understood,  by  only  conceiving  the 
point  D  to  be  below  B. 

Cor.  2.  If  CA  coincided  with  AB,  this  would 
come  to  the  fame  cafe  as  the  laft  Prob.  And  if  CA 
was  perpendicular  to  the  horizon^  this  Prob.  would  be 
the  fame  as  finding  one  altitude  BD,  from  having  ano- 
ther altitude  AC  given  *,  which  therefore  is  eafily  re* 
folved. 

After  this  manner  the  height  of  a  hill  or  a  moun- 
tain, or  any  object  above  the  level  of  the  place,  is 
eafily  found. 

Cor.  3,  Hence  may  be  found  the  height  DE  of  one 
objett  upon  another  \  by  fir  ft  finding  the  height  DB, 
trnd  then  £B  \  and  the  difference  will  be  the  height  DE. 

PROB.     IV. 

To  find  the  height  of  a  very  high  momtcin. 

This  might  be  refolved  by  what  went  before,  if  <-8. 
it  was  not  for  the  refraction  of  the  rays  ot  light, 
which  do  not  come  ftreight  to  the  eye  from  fuch  a 
height  in  the  atmofphere,    where  the  air  mud:  be 

greatly 
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Fig.  greatly  rarified.   For  this  reafon,  a  ray  coming  from 
58.  the  top  of  a  mountain  to  the  earth,  defcribes  a  curve 
line,  concave  to  the  earth.     Therefore  an  obferver 
at  the  earth,  taking  the  angle  of  altitude  of  an 
object  upon  the  top  of  it,  directs  his  eye  along  the 
tangent  to  that  curve  •,  for  in  that  direction  the 
rays  come  to  the  eye.     But  as  that  tangent  runs 
above  the  mountain,  he  makes  the  angle  of  alti- 
tude higher  than  it  fhould  be  ;  and  of  confequence 
the  mountain  itfelf  higher  than  it  really  is.     Now 
to  rectify  this,  let  marks  be  fet  up  at  the  ftations  A 
and  C  ;  and  one  at  the  top  of  the  mountain  at  D. 
And  let  the  obfervers  go,  one  to  A,  and  the  other 
to  D  -,  and  let  them  both  at  the  fame  time,  make 
their  obfervations  thus  •,  let  the  obferver  at  A  take 
the  altitude  of  D  above  the  horizon  ;  where  the 
rays,  inftead  of  coming  in  the  right  line  DA,    will 
come  in  the  direction  FA,  the  tangent  of  the  curve 
at  A  :  and  therefore  he  really  takes  the  altitude  of 
the  point  F.     Alfo  let  the  obferver  at  D  take  the 
deprefTion   of  A  below  the  horizon  ;    where  the 
rays,  inftead  of  coming  to  him  in  the  line  AD,  will 
come  in  the  direction  FD,  the  tangent  of  the  curve 
at  D.     And  therefore  he  has  taken  the  depreflion 
of  the  point  F,  inftead  of  D.     Now  by  comparing 
notes,  the  angle  at  A  will  be  greater  than  that  at 
D,  whereas  they  ought  to  be  equal.     Therefore 
take  half  the  difference  of  the  obferved  angles,  and 
fubtract  it  from  the  altitude  taken  at  A9  and  that 
gives  the  true  altitude.     For  the  altitude  at  A  was 
taken  too  great  by  the  quantity  DAF,  and  that  at 
D  too  little  by  ADF  equal  to  the  former.     The 
fame  thing  is  to  be  done  at  the  fecond  ftation  C. 
Thefe  angles  being  rectified,  you  may  then  proceed 
by  either  method  laid  down  in  the  laft  Prob.  (efpe- 
cially  the  latter)  to  find  the  altitude  \  and  for  this 
purpofe  make  your  ftation^ry  diftance  AC  as  long 
as  you  well  can. 

It 
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It  may  happen  that  two  ftations  may  be  taken  Fig. 
upon  a  mountain,  more  conveniently  than  below  ;  58. 
and  then  you  will  only  want  one  ftation  below. 
But  this  creates  no  material  difference  in  the  work  5 
for  it  is  only  finding  a  depth  inftead  of  a  height, 

P  R  O  B.    V. 

?o  find  the  height  of  a  cloud  by  its  Jhadow. 

Obferve  fome  fmall  cloud  which  is  coming  direct-  rn, 
ly  towards  you,  or  going  directly  from  you  ;  as  C. 
Then  obferve  when  the  middle  of  its  fhadow  is  at 
fome  remarkable  point  upon  the  ground,  ?s  at  A  ; 
at  that  inftant  take  the  altitude  ABC  of  the  middle 
of  the  cloud.  That  done,  take  the  fun's  altitude 
at  the  place  of  your  itation  B,  and  that  will  be 
equal  to  the  angle  B  AC  -,  alfo  meafure  the  diftance 
BA  between  your  ftation  and  the  fhadow.  Then 
you  have  a  triangle  ABC,  where  all  the  angles  and 
the  fide  BA  are  given  ;  which  is  eafily  laid  down 
by  rule  and  compafs,  and  the  height  of  C,  above 
BA,  found.  Or  by  trigonometry.  Subtract  the 
fum  of  the  angles  at  B  and  A  from  180,  to  get  the 
angle  C.  Then  fay,  as  rad  X  S. ACB  :  S.BAC  x 
S.ABC  :  :  fo  the  ftationary  diftance  AB  :  to  the 
height  of  the  cloud. 

For  S.C  :  AB  : :  S.B  :  AC  s  ?L?  x  AB.      And 

c  r> 

rad :  AC  or  -l-  x  AB  :  :  S.A  :  perpendicular;  or 

rad  x  S.C  :  AB  : :  S.A  x  S.B  :  height. 

If  the  cloud  be  directly  over  your  head  at  the 
time  of  obfervation,  then  CBA  will  be  a  right  an- 
gle. Then  rad  :  AB  :  :  tan.  fun's  altitude  CAB  : 
height  CB. 

You  muft  have  a  fmall  cloud  to  obferve  by,  be- 
caufe  the  obfervation  muft  be  made  to  a  point. 

But 
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Fig.  But  if  you  would  obferve  a  large  cloud,  take  the 

59.  altitude  of  the  very  edge,  and  obferve  the  very 
edge  of  the  fhadow.  And  you  muft  be  upon  fome 
large  plain  or  open  ground,  where  you  can  fee  about 
you. 

PROB,     VI. 

¥0  find  the  altitude  of  an  objett  whofe  top  appears 
jufi  in  the  horizon ;  having  the  diftance  in  miles  given. 

This  is  a  matter  which  frequently  happens  at  fea, 
in  failing  to  or  from  the  land. 

Square  the  diftance  in  miles,  which  multiply  by 
the  decimal  .2223,  and  the  product  is  the  height 
of  the  object  in  yards. 

60.  For  let  AD  be  an  arch  of  the  earth's  furface, 
DB  the  height  of  an  object,  AB  a  tangent  at  B. 
Then  in  the  right  angled  triangle  CAB,  CBZ  or 
CD*  +  2CD  XDB  +  DB2  zz  CA*  +  ABZ.  But 
becaufe  CA  zz  CD,  2CD  x  DB  +  DB*  zz  AB1, 
or  (becaufe  BD  is  very  fmall)  2CD  xDBz  AB1 

zz  AD%  and  DB  zz    AD\      But   2CD,    or   the 
2CD 

earth's    diameter,     is     7916    miles;    therefore 

i^L  =  DB  in  miles,  and  i^JHJ^  =  DB  in 
7916  79*6 

yards  •,  that  is,  .2223  x  AD*  zz  the  height  DB  in 
yards.  And  the  point  B  juft  appears  or  difappears, 
to  a  fpectator  in  the  tangent  at  A. 

PROB.     VII. 

¥0  meajure  the  length  of  a  horizontal  line  AB  ac- 
cejjible  at  both  ends,  A  and  B. 

6  j  A  line  may  be  acceflible  at  both  ends,  and  yet 
cannot  be  meafured,  by  reafon  of  fome  impedi- 
ment which  happens  to  be  in  the  way,  as  wood, 

water, 
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water,  houfes,  &c.  In  fuch  a  cafe,  fet  up  a  flake  Fig* 
at  fome  diftance  from  the  line,  as  at  F ;  and  thro'  61. 
F  produce  the  lines  AF,  BF,  beyond  F,  in  which 
take  FD  equal  to  one  of  the  lines  as  FA,  FC,  equal 
to  the  other  FB  ;  and  leave  two  marks  at  D  and  C. 
Then  meafure  the  length  of  the  line  CD,  which 
will  be  equal  to  that  required  AB. 

If  there  is  not  room  to  meafure  out  the  lengths 
AF,  BF;  take  half  of  them  and  meafure  from  F 
to  D  and  C  •,  then  meafure  CD  and  double  it.  Or 
take  7  of  each,  and  then  CD  is  7  of  AB. 

Or  thus. 

Take  a  ftation  at  fome  place  where  you  can  fee 
A  and  B,  as  at  F ;  and  with  an  inftrument  take  the 
angle  AFB,  then  meafure  the  two  lines  AF,  BF. 
And  then  the  triangle  AFB  is  eafily  laid  down  with 
fcale  and  compafs. 

Or  take  the  angles  at  A  and  B,  or  any  two  an- 
gles •,  and  meafure  one  fide ;  and  then  the  triangle 
may  be  laid  downy  or  computed  by  plain  trigono- 
metry. 

P  R  O  B.    VIII. 

To  meafure  a  diftance  AB,  accejfibk  only  at  one 
end  B. 

Let  the  end  B  be  one  ftation,  and  chufe  another  r 
at  a  convenient  place  as  C ;  and  having  an  object 
at  A,  produce  the  lines  AB  and  AC  to  D  and  E, 
of  any  length.  Then  meafure  the  fides  of  the  tri- 
angle BCD,  and  alfo  the  fides  of  the  triangle  BCE. 
And  by  thefe  the  diftance  BA  may  be  determined; 
all  this  with  the  chain  only. 

Upon  a  paper  draw  the  line  BC,  of  its  due  length, 
and  on  that  conftruct  the  triangle  BCD  with  the 
fides  you  meafured.  Alfo  upon  the  fame  line  BC, 
make  the  triangle  BCE,  with  the  fides,  as  you  mea- 

I  fured 


124  SURVEYING. 

Fig.  lured  them.     Then  produce  DB  and  EC  till  they 
62.  interfect  in  A-,  then  BA  meafured,    on   the  fame 
fcale,  will  mew  the  diftance  of  A  from  B,  or  the 
length  of  the  line  BA. 

It  may  be  alfo  computed  by  plain  trigonometry. 
In  the  triangle  CBD  there  are  given  all  the  fides ; 
to  find  the  angle  DBC,  and  its  fupplement  ABC. 
And  in  the  triangle  BCE,  all  the  fides  are  given, 
to  find  the  angle  BCE,  and.  the  angle  BCA  its  fup- 
plement. And  laftly,  in  the  triangle  ABC  all  the 
angles  will  be  known,  and  the  fide  BC,  whence  AB 
will  be  found. 

Or  thus. 
Take  one  ftation  at  B,  and  another  at  a  conve- 
nient diftance  as  C  ;    and  fet  up  marks.  Then  placing 
the  inftrument  at  B,    take  the  angle  ABC,  between 
fome  mark  or  object  at  A,  and  the  mark  at  C.  Then 
meafure  the  ftationary  line  BC  ;  and  place  the  in- 
ftrument at  C,  and  take  the  angle  ACB,  between 
the  fame  object  at  A  and  the  mark  at  B.     Then 
fubtract  the  furn  of  thefe  angles  B  and  C  from  18.0*. 
to  get  the  angle  A.     Then  fay, 
As  fine  of  the  angle  A  : 
to  the  ftationary  diftance  BC  :  : 
So  fine  of  the  angle  C  : 
to  the  diftance  AB. 
The  diftance  BA  may  alfo  be  found  here  by  rule 
and  compafs,  by  laying  down  the  triangle  ABC. 

Or  thus. 

Make  the  angle  ABC  of  60  degrees,  or  if  you: 
cannot  at  B,  take  fome  other  point  in  the  line  BD. 
Then  choofe  fome  other  point  C,  in  the  line  BC, 
that  the  angle  BCA  may  aifo  be  60.  Then  mea- 
lure  BC,  and  that  is  the  length  of  BA.  For  if 
ABC  be  6o°,  and  BCA  60,  then  CAB  will  be  60  » 
and  the  triangle  ABC  will  be  equilateral. 

Or  elfe  make  the  angle  ABC  a  right  angle,  and 
fomewhere  in  the  line  BC,  take  the  point  C,  that 

the 
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the  angle  BCA  may  be  45  degrees.     Then  rriea~Fig; 
fure  with  the  chain  the  length  of  BC,  and  that  is  62, 
the  length  of  BA.     For  the  angle  at  A  is  alfo  45 
degrees  ;  and  therefore  the  fides  oppofite  to  the 
equal  angles,  AB  and  BC,  will  be  equal. 

Or  you  may  make  the  angle  ABC  a  right  angle* 
and  the  angle  ACB  60  degrees.  Then  meafure  the 
length  of  BC  •,  then  BA  will  be  equal  to  the  fquare 
foot  of  3BC2,  or  equal  to  BC^^.  For  in  that  cafe 
AC  afi  2BC,  and  AB*  ==  AC1  —  BCZ  =  4BCa  — 
BC2  ±:  3BC2. 

Or  make  the  angle  ABC  what  you  will,  and  the" 
angle  BCA  half  the  fupplement  of  it-,  then  mea- 
furing  the  length  of  BC,  you  will  have  the  length 
of  BA.  For  then  the  angle  Bi\C  will  alfo  be  half 
the  fupplement  of  ABC,  Iihce  they  are  both  toge- 
ther the  whole  fupplement.  Therefore  their  oppo- 
fite fides  are  equal. 

P  R  O  3.     IX. 

To  meafure  an  Inaccejjlble  diftance  A  3  \  or  Gne  that 
cannot  be  come  to,  at  any  end. 

Set  up  a  flake  fomewhere  in  the  line  BA  pro-  6p 
duced,  as  at  C  ;  then  chufe  another  ftation  as  at  D. 
Then  with  an  indrument  at  C,  take  the  angle  ACD. 
Then  meafure  the  diftance  CD  •,  and  placing  the 
indrument  at  D,  take  the  angles  CD  A,  ADB. 
Subtract  the  fum  of  the  angte  ACD  and  ADC 
from  180,  and  there  remains  the  angle  CAD,  or 
rather  add  the  two  angles  ACD  and  ADC  together, 
and  you  have  the  angle  DA8;  !  .ikewMc  fubtract 
the  fum  of  the  angles  DAB  and  ADB  from  i8ot 
and  you  have  the  angle  ABD.  Then  make,  as 
S.BAD  X  S.ABD  :  S.ACD  X  S.ADB  :  :  fo  is  the 
ftationary  diftancc  CD  :  to  the  ciiflance  fought 
AB. 

I  2  For 
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*>&      For  S.  A  :  CD  :  :  S.C  :  AD  rr  —  X  CD. 

63-  S.A 

And  S.B  :  S.ADB  :  :  AD  or  ^£  x  CD  :  AB. 

S.  \ 

Or  S.A  x  S.B  :  SC  x  S.ADB  :  :  CD  :  AB. 

It  may  alfo  be  laid  down  by  projection.  Draw 
the  line  CB,  and  make  the  angle  BCD  equal  to  that 
obferved  •,  fet  off  CD,  the  diftance  meafurcd ;  and 
at  D,  make  the  obferved  angles  CDA,  ADB  •,  and 
the  part  AB  intercepted  between  DA  and  DB,  is 
the  diftance  required. 

Or  thus. 

64-  When  you  cannot  get  a  fiation  in  the  right  line 
AB  •,  take  a  proper  itation  at  F,  where  you  can 
fee  A  and  B ;  and  produce  the  lines  AF  and  BF, 
to  D  and  C,  and  make  FD  and  FC,  of  any  con* 
venient  lengths,  by  meafuring  them.  Then  pla- 
cing the  inftrument  at  F,  take  the  angle  AFB, 
Then  go  to  C  and  take  the  angle  ACB;  and  like- 
wife  at  D,  the  angle  ADB.  Then  the  work  may 
be  laid  down  thus. 

Draw  any  line  AD,  and  at  any  point  as  F  make 
the  angle  AFB  equal  to  that  obferved,  and  draw 
the  line  BFC ;  and  fet  off  the  diftances  FD  and 
FC.  Then  at  the  point  C,  make  the  angle  BCA, 
equal  to  that  you  meafured,  drawing  C  A  to  inter- 
fe6t  DA  in  A,  one  end  of  the  line.  Again,  make 
the  angle  ADB  equal  to  its  meafured  quantity,  and 
draw  DB,  interfering  CB  in  B,  the  other  end  of 
the  line  •,  then  AB  meafured  on  the  fcale  is  the  difc 
tance  required. 

To  refolve  it  by  trigonometry.  Subtract  the  angle 
ACB  from  the  angle  AFB,  and  you  have  the  an- 
gle CAF  ;  then  in  the  triangle  CAF,  all  the  angles 
and  the  fide  CF  are  given,  therefore  to  find  AF,  it 
will  be, 

As 


Sea.  III.     SURVEYING.         127 

As  fine  of  the  angles  CAP  :  Fig. 

to  tbejide  CF  :  :  64. 

So  the  fine  of  the  angle  ACF  : 

to  the  fide  AF. 
Again,  fubtract  the  angle  ADB  from  AFB,  and 
there  remains  the  angle  FBD.     Therefore  to  find 
FB  in  the  triangle  Di<B;  it  is, 

As  fine  of  the  angle  DBF  : 

to  the  fide  FD  :  : 

So  the  fine  of  the  angle  FDB  : 

to  the  fide  FB. 
Then  in  the  triangle  AFB,  there  are  given  the 
two  fides  AF,  FB,  and  the  included  angle  AFB; 
by  which  the  fide  AB  will  be  found. 

If  the  points  C,  D,  be  taken  in  the  lines  BF,  AF 
produced,  fo  that  the  angles  ACB  and  ADB  may- 
be each  of  them  half  the  angle  AFB ;  then  the 
line  AB  will  be  equal  to  CD.  For  then  the  angle 
ACF  is  equal  to  CAF,  and  FDB  equal  to  FBD  ; 
therefore  CF  is  equal  to  AF,  and  DF  equal  to  BF  \ 
whence  AB  is  equal  to  CD. 

If  there  is  not  room  to  go  back  to  C  and  D,  you 
may  take  a  ftation  fomewhere  about  G ;  and  find 
the  length  of  AF  (by  Prob.  VIII.)  by  the  method 
of  meafuring  diftances,  acceflible  only  at  one  end. 
And  the  fame  way,  find  the  length  of  BF.  And 
then  the  line  AB  will  be  found  as  before. 

Otherivife  thus. 
Having  chofen  two  points  of  ftation  C  and  D  at 
a  proper  diflance,  in  the  fame  plane  with  AB, 
whofe  diflance  may  be  meafured  ;  and  from  which, 
A  and  B  may  be  feen.  There  fet  up  two  marks  •, 
and  placing  the  inftrument  at  C,  take  the  angles 
ACB,  BCD.  Then  meafure  the  ftationary  dis- 
tance CD-,  and  at  D,  placing  the  inftrument,  take 
the  angles  CDA,  ADB.  Then  you  have  the  an- 
gles ACD,  and  CDB.  Take  the  fum  of  the 
angles  ACD  and  CDA  from  180,  and  Lhere  remains 

1  3  the 
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Fig. the  angle  CAD.     And  in  the  fame  manner  the  an- 
<54.gle  CBD  is  found. 

Now  we  have  in  the  triangle  ACD  all  the  angles, 
*  and  the  fide  CD,  from  which  the  fide  AC  will  be 
found.  Then  in  the  triangle  CBD,  we  have  all 
the  angles  and  the  fide  CD,  whence  we  can  find  the 
fide  CB.  Laftly  in  the  triangle  ACB,  we  have  the 
two  fides  AC,  BC,  and  the  included  angle  ACB ; 
from  whence  the  required  fide  AB  is  found. 

It  may  alfo  be  laid  down  by  rule  and  compafs,  to 
fave  the  trouble  of  fo  many  calculations.  Draw- 
any  line  as  CD,  on  which  fet  oft  the  diitance  of  the 
ilations  atC  and  D.  Then  at  C,  make  the  angles 
BCD,  BCA,  drawing  the  lines  CB,  CA,  Again 
make  at  D,  the  angles  CDA  and  ADB,  all  equal 
to  thefe  meafured  -,  and  draw  DA,  which  interie&s 
CA  in  A.  And  draw  DB,  which  interiects  CB  in 
B,  and  AB  drawn  and  meafured  is  the  diitance 
fought.  And  thus  you  may  meafure  any  of  the 
lines  CA,  CB,  or  DA,  DB,  by  applying  them  to 
your  fcale. 

It  is  no  matter  whether  the  line  AB  be  horizon- 
tal, perpendicular,  or  inclined,  provided  CD  be 
in  the  fame  plane  with  AB.  For  then  the  length  of 
AB  may  always  be  determined  by  the  two  ftations 
C  and  D.  And  therefore  if  AB  be  an  inaccefTible 
altitude,  and  C,  D,  two  ftations  either  in  a  per- 
pendicular CD,  or  upon  any  hill  fide ;  the  height 
AB  may  be  found  as  above;  as  will  be  evident  by 
iuppofing  the  plane  CADB  perpendicular  to  the 
horizon. 

Otberwife  thus. 

If  we  cannot  get  two  ftations  C,  D,  in  the  fame 
plane  with  AB,  the  line  to  be  meafured  ;  then  wc 
mult  take  at  C,  the  three  angles  ACB,  BCD,  and 
ACD  ;  and  at  D  the  three  angles  CDA,  ADB, 
and  CDB  •,  and  meafure  CD  ;  and  then  proceed  in 
^he  very  fame  manner,  to  find  AB,  as  before.    And 

this 
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this  maybe  done  two  ways,  1.  finding  AC  and  Fig. 
CB,  and  then  AB  -,  or  2.  finding  AD  and  DB,  and  64. 
then  AB  And  if  it  be  done  both  ways  it  will  be 
a  proof  of  the  work.  And  this  method  is  univer- 
fal,  however  the  ftations  C,  D,  be  taken ;  and 
whatever  pofition  the  line  AB  is  in,  whether  paral- 
lel to  the  horizon,  or  perpendicular,  or  any  way 
inclined  -9  provided  that  A  and  B  can  but  be  km 
from  both  the  ftations  C  and  D. 

PROS.     X. 

To  take  an  inaccejfibk  diftance  AB,  when  loth  ends 
cf  it,  A  and  B,  cannot  be  feen  from  any  two  ftations. 

A  fib  me  fome  ftation  D,  from  which  both  A  and  65. 
B  are  vifible.  Take  two  other  fide  ftations,  C  and 
E,  fo  that  A  may  be  feen  from  C,  and  B  from  E  -y 
and  both  C  and  E  from  D.  Then  by  Prob.  VIII. 
find  the  inaccefiible  diftance  DB  from  the  two  fta- 
tions D,  E  ;  and  the  inaccefiible  diftance  DA,  from 
the  ftations  D  and  C ;  which  is  to  be  done  thus. 
Meafure  the  diftance  DP2,  and  the  angles  BDE, 
BED,  from  which  find  the  fide  BD.  Alfo  mea- 
fure CD,  and  the  angles  ADC  and  ACD ;  from 
which  the  fide  AD  will  be  found.  Then  meafure 
the  angle  ADB ;  and  in  the  triangle  ADB,  there 
are  given  the  two  fides  AD,  BD,  and  the  included 
angle  ADB,  to  find  AB  as  required. 

The  conftrucYion  of  this,  by  rule  and  compafs, 
will  be  eafy.  From  any  point  D,  draw  DE  of  a 
proper  length,  and  at  D  make  the  angles  EDB, 
BDA,  and  ADC  •,  on  DC  fct  its  meafured  diftance 
to  C.  Then  at  E,  make  the  angle  DEB  ;  and  at 
C,  the  angle  DCA.  Then  the  lines  EB  and  CA 
will  cut  DB  and  DA  in  B  and  A  \  therefore  AB 
drawn  and  meafured,  will  be  the  diftance  fought. 

I  4  Or 
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Fig, 
66.  Or  thus. 

When  no  ftation  can  be  found,  from  which  both 
A  and  B  can  be  feen  -,  take  two  ftations  C  and  D, 
Jo  that  A  may  be  feen  from  C,  and  B  from  D, 
Then  take  two  fide  ftations  E  and  F  ;  by  help  of 
which,  find  the  inacceffible  diftances  DB  and  CA 
(by  Prob.  VIII.)  by  meafuring  the  diftance  DE, 
and  angles  EDB  and  DEB ;  and  alio  CF  and  the 
angles  FCA,  CFA.  Then  meafure  the  angles 
ACD,  and  CDB,  and  the  ftationary  diftance  CD. 
Then  in  the  triangle  ACD,  the  fides  AC,  CD,  and 
included  angle  ACD  being  given-,  the  fide  AD 
and  the  angle  ADC  will  be  found;  and  ADC  fub- 
tradted  from  BDC,  gives  ADB.  Then  in  the  trir 
angle  ADB,  the  two  fides  AD,  DB,  and  the  in- 
cluded angle  ADB  are  given  ;  to  find  AB  the  dif- 
tance required. 

The  conflruction  is  eafy  enough.  Draw  CD,  and 
make  the  angles  FCA,  ACD,  CDB  and  BDE  ; 
and  fet  off  the  diftances  CF,  DE  ;  then  make  the 
angles  CFA,  DEB;  and  FA,  EB,  will  interfed 
CA,  DB,  in  A  and  B ;  and  AB  is  the  diftance 
fpught. 

Other  Problems  concerning  heights  and  diftances 
might  be  devifed,  from  the  various  iituations  that 
objects  may  be  fuppofed  to  have.  But  the  founda- 
tion of  all  is  contained  in  what  has  been  here  laid 
down  ;  and  to  add  more,  would  only  confound 
the  memory,  and  fwell  the  book  to  little  purpofe. 

PROB.     XI, 

To  find  the  level  of  two  flaxes  -,  or  to  find  the  a f cent, 
tr  dej cent  from  one  place  to  the  ether. 

This  is  beft  done  by  a  fpirit  level  with  telefcopic 
fights  5  which  may  be  fet   level  by  ferews,  which 

raife 
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raife  or  lower  one  end  of  it.     You  muft  alio  have  Fig. 
two  poles,  four  yards  long,  with  white  papers  or  66. 
marks  upon  them  to  Aide  up  and  down,  and  crofs 
the  middle  of  the  mark,  a  black  line  is  drawn  ; 
and  you  muft  have  two  affiftants  to  carry  thefe  two 
poles. 

To  take  a  level  from  A  to  I.     Let  one  of  the  67. 
men  (land  at  A  and  the  other  at  C,  and  at  a  conve- 
nient place  as  P,  between  A  and  C,  place  the  level, 
and  fet  it  horizontal  by  help  of  the  fcrews.     Let 
the  man  at  A  hold  the  pole  upright  in  his  hand  at 
A,  whilft  from  P,  you  look  through  the  fights  to- 
wards A,  and  caufe  the  man  at  A  to  flip  fhe  mark 
up  or  down,  till  the  black  ftroke  on  the  mark  at  B, 
be  level  with  the  fights  •,  then  meafure  RA.     Then 
caufe  the  other  man  to  fland  at  C,  and  hold  the  pole 
upright,  then  turning  the  inftrument  round  at  P, 
and  looking  towards  C,  caufe  him  to  raife  or  lower 
his  mark,  till  thro'  the  fights,  you  can  fee  the  black 
ftroke  at  D ;  then   mealure  the  height  above   the 
ground  CD.     And  the  difference  of  the  heights  AB 
;and  CD,  is  the  afeent  or  defcent,  if  there   be  no 
more  ftations.     But  if  there  are  many  ftations  make 
a  table  with   two  columns,  one  for  the  back  fta- 
tions, and  the  other  for  the  fore  ftaticns.     Now  to 
proceed,  fet  down  the  two  heights  AB,  CD  ;  and 
let  the  man  at  A  go  to  F  with  his  pole,  and  re- 
move the  inftrument  to  Q^,  and  level  it  •,  then  di- 
rect the  fights  towards  C,  and  let  the  man  at  C  flip 
his  mark  up  or  down  till  the  black  line  appears 
thro'  the  fights,  as  at  E  ;  and  meafure  CE.    Then 
turning  the  inftrument  about,  look  towards  F,  till 
thro'  the  fights  you  fee  the  black  mark  at  G,  and 
meafure  GF  •,  in   the  mean  time  the  man  at  C  re- 
moves to  I,  and  placing  the  inftrument  at  R,  di- 
rect  towards    F   backward,    and   to   K  forwards. 
And   fo  proceed  from  (lation  to  ftation  to  the  end. 
And  fet  down  the  meaiiires  you  took  of  the  back 

ftations, 
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Fig.  ftations,  AB,  CE,  Fo9  and  the  fore  ftations  CD, 
67.  FG,  IK,  in  their  proper  columns.  And  at  laft 
fum  up  both  the  columns,  and  take  the  difference 
of  them ;  and  if  the  fore  ftations  exceed,  you  have 
a  defcent ;  but  if  the  back  ftations  exceed,  it  is  an 
afcent.     If  they  be  equal,  you  have  a  level. 


Sta. 

Back  fta. 

Fore  fta. 

1 
2 

3 

f.     in. 

4  0 

5  4 
0       0 

9       4 

f.     in. 

2  6 

7       3 

3  0 

12       9 

3       5 

So  as  the  fore- ftations  are  greater,  there  is  a  def- 
cent of  3  feet  5  inches,  from  A  to  I.  But  in  the 
length  of  a  mile,  8  inches  defcent  muft  be  allowed, 
upon  account  of  the  earth's  curvature  ;  that  is,  if 
you  meafure  along  the  tangent,  at  the  point  A. 
But  if  the  water  is  to  run,  a  greater  allowance  muft 
be  made,  in  proportion  to  the  velocity  it  is  to  run 
with.  And  thus  it  will  be  known  whether  or  no, 
water  can  be  conveyed  from  one  place  to  another. 
But  it  is  difficult  to  take  a  height,  the  length  of  a 
mile  to  a  few  inches.  For  many  proportions  may 
be  firm  and  true  in  geometrical  rigor  •,  which  re- 
duced to  practice  amount  to  nothing  at  all, 

Oiberwife  thus. 

To  know  if  water  can  be  conveyed  in  an  open 
channel ;  take  two  boards  half  a  yard  long  •,  make 
two  holes  in  the  middle  of  them,  in  which  fct  up 
two  fmall  (ticks,  perpendicular,  and  exactly  of 
the  fame  height  •,  at  the  tops  of  which,  fix  white 
marks,  or  pieces  of  paper.     Set  the  boards  in  the 

water 


Sea.  III.      SURVEYING.       133 

water  to  float,  at  a  competent  diftance  from  one  Fig. 
another,  the  further  the  better.  Then  as  far  from  6j. 
the  pond  as  you  can,  fet  up  a  third  (tick,  with  a 
mark  to  flip  up  or  down,  which  muft  be  in  a  line 
with  the  other  two.  Then  looking  along  the  tops 
of  the  two  firft  flicks,  flip  the  mark  on  the  third, 
up  or  down,  till  it  be  exactly  in  the  fame  horizon- 
tal line.  Then  meafuring  the  diftance  of  the  mark 
from  the  ground,  and  comparing  it  with  the  length 
of  the  flicks,  you  will  know,  which  place  is  higher, 
and  how  much.  And  thus  you  may  proceed  to 
further  places,  by  fetting  up  more  iticks,  or  re- 
moving the  boards  thither. 

After  this  manner  fetting  your  boards  in  a  ditch, 
and  a  flick  at  a  good  diftance,  with  a  mark  on  it,  in  a 
line  with  the  tops  of  the  other  two ;  you  will  find 
if  the  ground  defcend. 

If  water  is  to  be  conveyed  to  any  afligned  place, 
in  an  open  channel,  no  part  of  the  channel  muft 
be  lower  than  the  place  it  leads  to ;  for  if  it  is,  the 
water  can  never  rife  again  to  the  height  of  the  laft 
place.  Therefore,  that  you  may  always  caufe  it  to 
go  by  an  eafy  defcent,  carry  the  trench  by  any  turn- 
ings and  windings,  by  the  fides  of  hills  orotherwife, 
keeping  near  a  level.  Not  being  folicitous  to  have 
it  go  ftreight,  tho'  the  nearer  to  a  Ilreight  line  the 
better,  if  the  ground  will  permit.  But  if  there 
happen  to  be  any  valleys  or  low  grounds-,  the  wa- 
ter muft  be  carried  over  them  in  troughs,  fupported 
by  bridges  or  pillars.  And  if  a  hill  interferes,  it 
muft  be  cut  through  to  the  fame  level. 

But  if  v/ater  be  to  be  conveyed  in  clofe  pipes,  you 
may  defcend  into  valleys,  becaufe  water  in  the  pipes 
will  rife  to  the  fame  height.  But  where  there  is  a 
hill  it  muft  be  cut  thro'.  If  the  defcent  be  great, 
the  pipes  mult  be  laid  one  up,  and  another  down  >> 
or  in  and  out,  to  check  the  violent  motion  of  the 
current ;  and  not  in  a  right  line. 

If 
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Fig.  If  a  canal  is  to  be  cut  thro'  a  country,  for  the  bc- 
67.  nefit  of  carriage  ♦,  be  fure  to  take  it  from  a  place 
high  enough  to  carry  the  water  over  the  intermedi- 
ate places  •,  and  where  there  is  plenty  of  water.  For 
you  may  defcend  when  you  will,  but  you  cannot 
rife ;  by  this  means,  by  turnings  and  windings,  you 
may  conduct  it  over  any  riling  grounds.  Yet  it 
will  often  be  better  to  build  bridges  over  hollow 
places,  to  carry  the  canal,  than  go  too  far  about. 
And  when  there  is  plenty  of  water,  the  navigation 
will  be  quick  -,  and  the  water,  loft  by  opening  the 
locks  or  flood  gates,  will  foon  be  fupplied.  But  if 
water  be  fcarce,  thefe  defects  and  loiies  cannot  be 
fupplied  readily  enough,  which  will  retard  the  na- 
vigation, and  prolong  the  time  ;  and  therefore  fuch 
a  canal  can  never  anfwer  the  purpofe. 

And  tho'  we  muft  necefTarily  take  the  water  from 
a  height  at  lead  equal  to  the  place,  where  the  goods 
muft   be   taken  up  or  laid  down  ;  yet  it  will  be  a 
fault  to  take  it  higher  ->  becaufe  then  we  (hall  have 
a   greater  defcent  to  make ;  the  confequence  of 
which  is,  that  we  muft  have  more  flood  gates.  And 
the  number  of  flood  gates  is  known  by  dividing  the 
whole  defcent  by  the  defcent  of  one.     And  the  def- 
cent at  one  flood  gate  may  be  4,  5,  or  6  feet,  ac- 
cording to  the  bignefsof  the  veffels,  and  the  Jarge- 
nels  of  the  canal 
£g#       To  illuftrate  the  nature  of  this;  let  FA   be  the 
part  of  a  canal,  EC,  DB,  two  flood  gates,  which 
may  be  opened  and  fliut  at  pleafure  ;  let  FED  be 
the  furface  of  the  water,  when  the  gate  DB  is  fluit, 
and  EC  open.     And  CB  A  the  furface  of  the  water, 
when  EC  is  fliut,  andDB  open.  Now  a  veffel  coming 
up  the  part  AB,  has  to  make  an  afcent  into  the  part 
EF.  In  this  cafe  DB  muft  be  open,  and  consequently 
the  veflel  comes  into  the  part  BC,  upon  the  lame  le- 
vel ;  and  when   fhe  is  got  in  there,  the  gate  DB  is 
fhut,  and  EC  opened,  and  then  the  part  ECDB  in- 
ftantly  fills  from  the  partEF;  and  the  veffe.1  fifes  with 

the 
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the  water  from  the  level  CB  to  the  level  ED,  and  the  Fig. 
gate  EC  being  open,  fhe  can  go  along  the  level  fur- 68. 
face  of  the  water  DEF,  and  thus  fhe  has  afcended 
from  the  height  of  AB  to  the  height  of  EF.     And 
then  me  can  go  along  EF  till  fhe  meet  with  ano- 
ther flood  gate,  to  make  another  rife. 

In  like  manner  a  veffel  coming  from  F  towards 
E,  if  EC  be  open,  fhe  goes  into  the  part  ED. 
Then  fhutting  EC  and  opening  DB,  fhe  goes  out 
of  EB,  into  the  part  BA,  and  fo  away. 

It  may  be  obferved,  that  bcth  gates  muft  never 
be  open  at  once  ;  for  then  the  water  in  FE  would 
flow  into  BA,  and  would  all  be  loft.  And  when  the 
gate  DB  is  fhut,  and  EC  opened,  the  part  EB  is 
filled  initantly,  without  fenfibly  decreafmg  the 
height  of  EF.  For  EF  is  a  long  part  of  the  canal, 
and  EB  a  very  fhort  part,  and  foon  filled.  And  as 
the  lofs  of  water,  is  the  quantity  ECDB  -,  therefore 
the  gates  E  and  D  ought  to  be  fet  as  near  together 
as  they  can,  to  take  in  one  or  more  vefTels. 

I  fhall  only  add  this  -y  when  a  canal  is  to  be  cut 
thro'  a  country,  it  is  often  attended  with  difficulties 
that  make  it  impracticable.  For  in  digging  the 
canal,  they  often  meet  with  rocks,  thro'  which  they 
can  hardly  make  any  progrefs;  and  when  that  is 
done,  the  clefts  of  the  recks  will  probably  take 
away  all  the  water.  Likewiie  when  they  meet  with 
Joofe  ouzy  ground  j  by  its  porous  nature  it  drinks 
up,  and  deftroys  a  great  part  of  the  water.  And 
even  when  they  meet  with  folid  ground,  yet  the  ex- 
pence  of  digging,  levelling,  &c.  is  fo  great,  and 
requires  fo  much  time  to  execute  it  •,  efpecially  when 
they  are  to  go  many  miles  in  length  •,  thatconfider- 
ing  all  things,  hardly  any  of  them  can  afford  a  pro- 
fit anfwerable  to  fuch  a  monilrous  expence.  When 
the  ground  is  very  much  upon  the  deicent,  a  great 
number  of  locks  or  flood  gates  are  required,  and 
therefore  a  great  number  of  hands  will  be  neceffary, 

which 
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Fig. which  lofes  a  deal  of  time;  and  fuch  accidents 
68.  make  the  thing  extremely  difficult,  if  not  impoffible. 

And  now  having  gone  thro'  all  the  principal 
branches  of  the  Mathematics  ;  I  mail  conclude 
with  a  few  directions,  to  fuch  as  defign  to  make 
thefe  Sciences  their  chief  ftudy  -,  which  are  by  far 
the  moil:  difficult,  as  well  as  the  mofl  ufeful  parts, 
of  human  learning.  And  firft,  the  young  ftudent 
muft  take  care  to  be  well  inftrucled  in  Arithmetick  ; 
for  this  is  the  balls  of  all  manner  of  computations  ; 
not  only  in  thefe  fciences,  but  in  all  forts  of  bufi- 
nefs.  In  the  next  place,  he  muft  get  a  complete 
knowledge  of  Geometry;  for  on  this  depends  all 
computations  relating  to  lines,  which  are  infinite. 
Without  a  thorough  knowledge  of  this,  he  will  be 
obliged  continually  to  turn  back,  or  elfe  ftick  faft 
in  the  road.  Thefe  two  branches  lay  the  founda- 
tion of  every  thing  that  is  to  follow.  Then  the 
practical  parts  may  take  place,  and  Trigonometry 
and  the  doctrine  of  the  fphere  may  be  read,  which 
make  way  for  Ailronomy.  And  it  will  be  proper 
then,  to  ftudy  the  Conic  Sections,  and  the  higher. 
Geometry,  which  confiders  the  nature  of  all  forts 
of  curves.  As  Algebra  is  a  univerfal  fcience,  and 
applicable  to  any  thing  ;  he  may  begin  to  read  that, 
after  he  is  acquainted  with  Arithmetic  and  Geome- 
try ;  but  then  he  can  apply  it  to  nothing  but  nume- 
rical and  geometrical  problems  •,  till  fuch  time  as  he 
has  learned  the  principles  of  any  other  fcience,  that 
he  would  apply  it  to.  And  in  this  book  of  Alge- 
bra, there  is  a  fnfficient  fund  for  exercifing  all  the 
branches  of  the  Mathematics.  Fluxions  being  a 
fcience  of  the  higheft  nature,  and  greater!  extent, 
cannot  be  attained  without  the  knowledge  of  all 
the  reft  •,  and  particularly  Algebra,  by  which  all 
computations  therein  are  performed.  And  this  is 
the  method  that  the  young   mathematician   muft 

proceed 


Seft.  III.     SURVEYING.         137 

proceed  in,  to  make  the  beft  progrefs,  and  in  the  Fig. 
lead  time.  But  he  mud  frequently  exped  to  meet 
with  obftacles  and  difficulties,  thro'  which  his  own 
natural  fagacity  muft  carry  him,  joined  with  the  de- 
light he  finds  in  the  knowledge  of  thefe  fciences. 
For  I  doubt  he  will  meet  with  no  other  reward  for 
his  indmlry,  nor  even  for  any  difcoveries  he  makes, 
but  the  pleafing  fatisfa&ion  of  finding  out  truth. 
And  it  is  this  pleafure  that  mud  be  his  main  flip- 
port  under  the  great  fatigue  of  ftudying  thefe  diffi- 
cult fciences.  For  when  truth  at  laft  emerges  out 
of  a  chaos  of  intricate  calculations,  and  appears  in 
its  native  brightnefs  and  lultre,  it  pofleffes  the  whole 
mind  ;  and  the  labour  and  fatigue  of  feeking  after 
it  initantly  vanilhes,  and  is  no  more  thought  on  or 
remembered. 

The  little  encouragement  there  is  in  this  nation, 
for  promocing  thefe  fciences,  is  the  reafon,  that  few 
people  go  any  great  length  this  way.  If  they  have 
gained  fo  much  knowledge,  as  to  be  able  to  teach 
a  common  fchool,  to  get  a  living  by,  they  think  it 
fufficient.  Few  make  any  farther  progrefs ;  and  if 
they  do,  they  get  the  pleafure  and  pains  of  it  for 
their  labour.  Or  when  a  man  is  eminent  for  his 
difcoveries,  perhaps  he  is  dignified  with  the  title  of 
F.  R.  S.  but  then  he  is  to  pay  a  quarterly  Cefs  for 
the  honour  of  it.  This  is  the  way  that  ingenuity  is 
rewarded  in  England. 

As  to  this  courfe  of  Mathematics,  that  I  have  here 
drawn  up,  it  has  been  the  work  of  my  life  ♦,  for  in 
aimoft  all  the  books  I  perufed,  I  always  found  ei- 
ther a  defect  of  matter  or  a  detect  of  method  ;  and 
fometimes  a  redundance  of  things  unnecessary,  and 
of  little  confequence.  This  put  me  upon  writings 
firft  one  branch,  and  then  another,  till  I  had  cot 
together  a  tolerable  fyltem  of  mathematical  learn* 
ing  •,  where  I  believe  every  branch  is  treated  with 
as  much  perfpicuity,  and  contains  as  much,  matter, 

as 
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F'ict.  as  any  one  can  wifh  for,  in  that  compafs.     For  the 
whole  is  only  defigned  as  an  introduction  for  young 
ftudents,  and  to   enable  them  to  go  thro'  larger 
Treatifes.  Thele  things  were  all  originally  defigned 
only  for  my  own  ufe,  and  have  always  proved  ex- 
tremely ufeful  to  me ;  and  would  have  been  much 
more  fo,  if  1  had  had  them  fooner  in  life.   And  be- 
caufe  what  has  been  ferviceable  to  myfelf,  I  fuppofe 
will  be  of  the  fame  fervice  to   others,  under  like 
circumftances ;  therefore  I  determined  to  publilh 
them.     But  before  this  could  be  done,  I  had  them 
all  to  revife,  correct,  and  methodize,  and  to  add 
fuch  things  as  later  improvements  had  found  out ; 
which  has  coft  me  a  great  deal  of  time  and  labour.  But 
then  the  reader  is  furnimed  with  fubjedls,  botheafy 
and  common,    as  well  as   difficult  and  fublime; 
which  I  expect  will  fully  anfwer  his  greater!:  ex- 
pectations.    However,  I  have  ufed  my  bell  endea- 
vours.    But,  if  not,  I  have  taken  a  great  deal  of 
pains  to  no  purpofe*   being  fenfible  that  without 
pains  and  patience  nothing  is  to  be  done  :  Sed  tan- 
dem fofi  ardua  quies. 
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Cont dining  Corrections  and.  Additions  to  all  the 
foregoing  Volumes. 
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ARITHMETIC 

A.G  E  7,  line  laft  -9  (read)  of  them,  taken  all  to- 
gether. 

Page  3  r,  line  3,  &c.  The  operation  being  wrong, 
correct  it  thus, 

C.    ft.     lb.    C.    ft.     lb. 
6)72     6     11(12     1     1   the  quotient. 
72 


6)6(1 
6 

0 

6) 

I  I 

6 

(1 

5 

remains. 

Page  79,  1,  8    (read)  Ex.  5. 
ib.  1,  17  (r^d)  £v.  6. 
ib.   1.  27  (r^W)  In  £#.  5. 
Page  80,  1.  18  (rW)  In  the  6th  Ex. 

ib.  1.  22  (ra?*/)  Ex,  7. 
Pag.  104,  1.  16  (nW)  thefmgle  rule  of  three. 
Pag.  1 1 4,  1.  1  2  b  (raz*0  of  4  degrees  of  hardnefs, 
and  2  02j 

ib.  1.  10  b  (read)  dig  a  trench,  of  7  degrees 

ib.  1.  6  b  (r*W)  *  4  deg. 7  deg. 

Pa.  146,  1.  14  b  (read)  to  the  lead  error-,  to  be 
added,  if  the  number  was  too  little  \  but  fubtract- 

K  ed, 
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ed,  if  too  great.     Put  out  all  the  2d  article  to  the 
bottom  of  the  page,  as  being  needlefs. 

Pa.  150,  1.  1  (read)  the  correction . . .  5.8694077. 

ib.  after  1.  1 6,  add, 
Note,  this  rule  will  anfwer  all  queftions  that  the 
•fingle  rule  of  falfe  will  anfwer. 

Page  156,  1.  10  (read)  6 0.7781512 

Pa.  157,  1.  8  (read)  fquare  of  426  ? 
Pa.  170,  1.  3  b  {read)  and  38  1.  a  year 
Pa.  i7r,  1.  3  (read)  36  . . .  684 
ib.  1.  4,  &x.  correct  it  thus, 
172J1774C10.32  months 

His 

54 

51 


P.  186,  1.  12  {read)  two  the  leaft  whole  numbers 
ib.     1.  13,  &c.  (read)  5  and  3  every  where 

for  365  and  219. 
ib.     1.  16,   17  (read)   Therefore  the  time  of 
meeting  will  be  3  X  24t  —  73  days. 
Or  JhtiSy 
C  =  10 
B  -  18 


dim 


Then  2:u :  id :  :  73m  :  %6{-  days,  the  time  in  which 

C  will  overtake  B  again  ;  then  find  the  leaft  number 

(by  Prob.  III.  Ch  IV.  B.  II. J  which  24^-,  144-  and 

36^,  meafure;  and  that  is  the  anfwer,  viz.  73. 

Pa.  223,  i.  8  b  (read:,  circulate  or  come  about 

win,  according 
Pg.  229,  at  the  end  of  Prob.  I.  add, 

Schol. 


APPENDIX.  3 

S  c  h  o  l,  Fig. 

If  one  or  both  numbers  fin  any  operation^  be 
fractional,  reduce  them  to  a  common  denominator. 
Then  proceed  with  the  numerators  as  before  direct- 
ed ;  and  at  laic,  fubferibe  the  common  denominator. 

All  the  examples  throughout  the  book  mould  be 
in  italic. 

PROPORTIONS. 

There  wants  Seel.  I,  II,  III,  all  along  in  the  run- 
ring  title. 

GEOMET  R  Y. 
Page  26,  27,  inftead  of  Prop.  XXV  and  XXVI. 
infert  thefe. 

PROP.     XXV. 

If  an  angle  A  of  a  triangle  be  bifiefted  by  a  right    \. 
line  AD,  which  cuts  the  bafe ;  the  figments  of  the 
bafe  will  be  proportional'  to  the  adjoining  fides  of  the 
triangle  5  ED  :  DC  :  :  AB  :  AC. 

And  if  the  external  angle  EAC  be  bifecled  h 
line  Ad,  culling  the  bafe  in  d  5  then  the  diftancts  (of 
the  ittterfe&ion)  from  the  angles,  are  as  the  adjoining 
fides;  Bd:Cd:  :  BA  :  CA. 

Produce  BA,  and  make  AE  zz  AC,  and  draw 
the  line  CE  ;  became  AE  zz  AC,  the  <A€E  =  E 
(Prop.  Ilk,  -  iBAC  (Prop.  I.)  zz  BAD  'hyp.); 
therefore  DA,  CE  are  parallels  (cor.  3.  Prop.  IV  •, 
and  therefore  HA:  Ah  or  AC  ::  BD:  DC  (Prop.  XI!.) 

Again,  make  Qe  zz  CA  ;  then  the  <C  AiC  zz 
^AC  zz  EAd  zz  therefore  <?C,  A3  are  paral- 

lel ;  whence  d%  :  d<2  :  :  AB  j  C/'orCA'. 

Cor.  1.  If  the  fides  be  as  tie  figments  of  tht  bafi  \ 
the  line  AD,  bifkfys  the  angle  A. 

For  6ncc  \C  or  All  :  :  BD  :  DC ;  DA  and 

CE  are  parallels  (cor.  1.  Prop.  XII)  ;  and  B  \  S )  zz 
<:E,  and-DAC  =ACfc  =  ]  p.ill).   Whence 

BADzzDAC, 

K   1  C-r,    . 
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Fig.      Cor.  2.    If  a  line  b  if e  cling  the  vertical  angle  of  a 

1 .  triangle,  cuts  the  bafe  •,  it  will  be 

As  the  fum  of  the  fides,  BA  H-  AC  : 
To  their  difference,  BA  —  AC  :  : 
So  the  bafe,  BC  : 

To  the  difference  of  the  figments,  BD  —  DC. 
For  BA  :  AC  :  :  BD  :  DC  (Prop.  XXV),    and 
BA  +  AC  :  BA  —  AC  :  :  BD  +  DC  (BC)  :  BD  — 
DC  or  2 DO  (Prop.  XIII.  Proportion) ;  where  O  is 
the  middle  of  the  bale  BC. 

Cor.  3.  Hence  DB  :  DC  :  :  dB  :  dC. 

2.  Cor.  4.  If  AB,  AC,  AD,  be  continually  propor- 
tional, and  AE  equal  to  AC ;  then  CE  drawn,  bifecls 
the  angle  BCD. 

For  the  triangles  ABC,  ACD  are  fimilar ;  whence 
CB  :  CD  :  :  AB ":  AC  or  AE  :  :  AC  or  AE  :  AD  :  : 
AE  —  AB  (BE>  :  AD  —  AE  (ED).  Therefore 
(Cor.  1.)  angle  BCE  -  ECD. 

PROP.     XXVI. 

9.  If  an  angle  A  of  a  triangle  ABC,  be  bifecled  by  a 
right  line  AD,  which  cuts  the  bafe ;  the  fquare  of  the 
bifecling  line,  together  with  the  reclangle  of  the  feg- 
ments,  is  equal  to  the  reclangle  of  the  fides  -,  AD*  + 
BDC  ~  BAC. 

Produce  AD,  and  make  the  angle  <rDBPz=DAC, 
Then  the  3  triangles  CDA,  PDB,  and  PBA  are  fi- 
milar. For  CAD  zz  FBD  =  PAB,  and  CDA  zr 
PDB  (2. 1),  whence  <CC  ~  P,  and  ADC  z=  ABP 
(cor.  1.  Prop.  II).  Therefore  CD  :  DA  :  :  PD  :  BD 
(Prop.  XIII),  whence  DA x  PD  zzCD  x  BD(i2 
Proportion).  Again,  CA  :  DA  :  :  AP  or  AD  -f 
DP  :  AB  fProp.  XIII);  therefore  CA  X  AB  -= 
AD1  -f  DA  x  DP  (12  Proportion)  =  AD1  +  CD 
X  BD  (Ax   3). 

Cor.  If  the  external  angle  EAC  be  bifecled  by  the 
line  Ad,  cutting  the  bafe  in  d  -,  then  the  reltanglc  BdC 
—  the  fquare  of  the  bif citing  line  Ad,  is  equal  to  the 
retl angle  BAC.  For 
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For  produce  dA  to  F,  and  make  <ZdBF  zr.  dAC  \  Fig. 
then  the  triangles  C^A,  FiB,  and  FBA  are  fimilar.  3» 
For  QAd  =  dAE  =  FAB  ;  and  C^A  =  F^B. 
Whence  ACd  zz  AFB,  and  AaX.  =  ABF  (cor.  1. 
Prop.  II.)  Therefore,  Cd  :  dA  :  :  Fd :  dE  (XIII) ; 
and  </A  X  F<i  =  G/ x  B<i  ( 1 2  Proportion).  Again 
CA  :dA::  AF  or  dF  —  dA:  AB  (13).  There- 
fore CAxABzJAx^F- ^A1  (12  Proportion) 
zr  CJxBrf  — </A\ 


PROP. 


&c. 


XXVII, 

Page  73,  1.  20,  (>W)  between  the  fum  and  diffe- 
rence of  the  two  radii  ; 
16,  (nW)  DFKHCILG  zz 

2,  ffig.  19O 

25,  fr^zi)  DCH,  be  3 

18,  fig.  195, 
2,  fig.  195, 
8,  fig.  196. 

19,  fig.  197. 
4  b,  fig.  198. 
2,  fig.  198. 
2,  fig.  198. 
2  b,  fig.  j  99,  200, 

2,  fig.  199,  200, 
5,  fig.  209. 

2,  (mzd)    Praclkal  Geometry,    or  The 
Conftruclion,  &c. 
P.  157,  8,  Prob.  V  and  VI,  (read)  To  bifett,  or 
divide  a  given 
ib.     After  Prob.  VII,  add, 
Or  thus, 
If  the  angle  be  given  in  degrees  •,  from  the  given 
point  B,  draw  the  line  BD.     Then  upon  a  line  of 
Chords  extend  your  compafles  from  the  beginning 
to  60  degrees  (called  the  Sweep  of  60),  thenfetting 
one  foot  In  B,  with  the  other  defcribe  the  arch  DC. 
Then  extend  from  the  beginning,  to  the  number 


p. 
p. 

107,  1. 

121,    1. 

ib.     1. 

p. 

p. 

125,  1. 

126,  1. 

ib.    L 

ib.    1. 

ib.     1. 

p. 
p. 

127,  1. 

128,  1. 

ib.     1. 

p. 

129,  1. 

p. 
p. 

'37.  1- 
156,  1. 

K  3 
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Fic.of  degrees  given,  and  fet  that  extent  from  D  to  C, 
~  upon  the  arch  DC.     Thro'  C  draw  the  line  BC, 
and  DEC  is  the  angle  required. 

Page  162,  at  the  end  of  Prob,  XII.  add, 
Cor.  If  it  be  required  to  fet  any  number  of  equal 
farts  upon  a  right  line,  it  is  done  thus. 

Take  with  your  compafTes,  fo  many  equal  parts 
from  a  diagonal  fcale,  or  any  convenient  fcale  of 
equal  parts  \  and  fet  that  extent  upon  your  line. 

-  > — -* 

TRIGONOMETRY. 

Page  100,  after  Prop.  III.  add. 

Cor.  1.  If  two  right  angled  triangles,  have  the 
fame  or  equal  hypothenufes  %  the  perpendiculars^  are  as 
the  fines  of  the  angles  at  the  bafe  \  and  the  bafes  are 
as  the  fines  of  the  angles  at  the  vertex. 

For  they  are  both  in  the  given  ratio  of  the  hy- 
pothenufe  (AC)  to  the  radius. 

Cor  2.  If  two  right  angled  triangles  have  equal 
bafes,  the  perpendiculars  are  as  the  tangents  of  the 
angles  at  the  bafe  ;  and  the  hypothenufes  are  reci- 
procally as  the  fines  of  the  angles  at  the  vertex. 

For  the  perpendiculars  and  tan.  oppofite  angles, 
are  in  the  given  ratio  of  the  bafe  to  the  radius. 

And  if  B  be  the  bafe ;  H,  b,  the  hypothenufes ; 
V,  v,  the  fines  of  the  angles  or  the  vertex.     Then 

13 

by  this  Prop,  as  V :  B  : :  rad  :  H  zz  -  x  rad  ;  and 

B  B 

v  :  B  : :  rad  :  h  zz  _  x  rad.  therefore  H  :  b  :  :   -  X 
v  V 

rad:?  X  rad:  :  L:L::V:V. 

V  \        V 

.  Cor.  3.  If  two  right  angled  triangles  have  equal 
perpendiculars  •,  the  bafes  are  as  the  tangents  of  the 
angles  at  the  vertex  ;  and  the  hypothenufes  are  reci- 
procally as  the  fines  of  the  angles  at  the  bafe, 

1  r.is 
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This  is  plain  by  Cor.  2,  making  the  bafe  to  be- Fig. 
come  the  perpendicular. 

Page  1 04,  1.  8  b,  (read)  greater  fide  : 

Page  1 54,  after  Prop.  XX.  add, 

Corol.  In  a  right  angled  fpherical  triangle,  if  the 
hypothenufe  be  a  quadrant ,  one  of  the  fides  will  be  aqua 
drant,  and  its  oppofite  angle  a  right  angle,  fig.  37. 

Let  BAC  be  the  triangle,  A  the  right  angle,  the 
hyp.  BC  a  quadrant.  AB  f produced  at  lead)  pafTes 
thro'  the  pole  of  AC  -,  and  if  the  quadrant  CB  be 
fuppofed  to  revolve  about  C,  it  will  cut  AB  in  the 
pole  of  AC  ;  but  B  is  the  point  where  they  cut ; 
therefore  B  is  the  pole  of  AC  ;  and  confequently  B  A, 
BC  are  both  quadrants  ;  and  A  being  a  right  angle, 
C  will  alfo  be  a  right  angle  (by  Prop.  XIV). 

Page  158,  put  out  the  two  Corois.  at  bottom.      4. 

Page  159,  line  1,  (read)  Cor.  1. 
ib.  Initead  of  the  two  Corois.  at  bottom,  infert 
Cor.  1. 

In  right  angled  fpherical  triangles  ABC,  ADF, 
that  have  equal  angles  at  the  bafe  ,  then, 

1.  The  fines  of  the  hypothenufes,  are  as  the  fines  of 
the  perpendiculars, 

2.  The  fines  of  the  bafes  are  as  the  tangents  of  the 
perpendiculars. 

3.  The  tangents  of  the  hypothenufes,  are  as  the 
tangents  of  the  bafes. 

4.  The  cofines  of  tbe  hypothenufe s  are  as  the  cotan- 
gents of  the  angles  at  the  vertex. 

5.  The  cofines  of  the  bafes,  are  as  the  cofines  of 
the  vertical  angles. 

6.  The  cofnrs  of  the  perpendiculars,  are  recipro- 
cally as  the  fines  of  the  angles  at  the  vertex. 

All  thefe  are  eafily  demonftrated  by  the  help  of 
the  two  lad  propofitions  •,  by  extending  the  fides 
of  the  triangles  to  quadrants,  alter  the  manner  of 
fig.  41,  and  finding  the  proportions,  in  the  com- 
plemental  triangles'  ED F,  ADC,  ECB-,  which 
will  come  out  as  follow:;, 

K  4  For 
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Fig.  For  rad  :  S.A  :  :  S.AC  :  S.CB  :  :  S.AF  :  S.FD. 
4.    and  rad :  tan.  A  : :  S.AB  :  tan.  BC  : :  S.AD  :  t.  DF. 
and  rad  :  cof.  A  :  :  tan.  AC :  tan.  AB  : :  t.  AF  :  t.AD. 
and  rad  :  /. A  : :  cof.  AC  :  :  cot.  C  :  :  cof.  AF :  cot.  F. 
and  rad  :  S.A  : :  cof.  AB  : :  cof.  C  :  :  cof.  AD  :  cof.  F. 
and  rad  x  cof.  A  -  cof.  CBxS.C  -  cof.FDxS.F. 

Cor.  2. 

In  right  angled  fpherical  triangles?  AFB,  AFD, 
that  have  equal  hypothenufes  ?  then? 

1 .  The  fines  of  the  bafes  are  as  the  fines  of  the  ver- 
tical angles. 

2 .  The  tangents  of  the  bafes?  are  as  the  cofines  of 
the  angles  at  the  bafe. 

3.  The  tangents  of  the  angles  at  the  bafe,  are  as  the 
cotangents  of  the  angles  at  the  vertex. 

4..  The  cofines  of  the  bafes?  are  reciprocally?  as  the 
cofines  of  the  perpendiculars. 
For  rad  :  S.AF  :  :  S.AFB  :  S.AB  :  :  S.AFD  :  S.AD. 
and  rad  :  t.  AF  : :  cof.  FAB  :  t.  AB  :  :  cof.  FAD  :  t.  AD. 
and  rad  :cof.  AF: :  t.FAB  :  cof.  AFB : :  t.  FAD  icot.AFD. 
and  rad  x  cof.  AF^cof.  AB  xcof.  BF=cof.  AD  x  cof.  DF. 

Cor.  3. 

In  right  angled  fpherical  triangles  ABC,   ABF, 
having  equal  bafes  ;  then? 

1.  The  tangents  of  the  perpendiculars?  are  as  the 
tangents  of  the  angles  at  the  bafe. 

2.  The  fines  of  the  angles  at  the  bafe?  are  as  the 
cofines  of  the  angles  at  the  vertex. 

3.  The  fines  of  the  perpendiculars?  are  as  the  co- 
tangents of  the  vertical  angles. 

4.  The  cofines  of  the  perpendiculars?  are  as  the  co- 
fines  of  the  hypothenufes. 

5.  The  cotangents  of  the  hypothenufes?  are  as  the 
cofines  of  the  angles  at  the  bafe. 

6.  The  fines  of  the  hypothenufes?  are  reciprocally  as 
the  fines  of  the  vertical  angles. 

For, 
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For,  rad  :  S.AB  :  :       {""•  SJ5  !  *"' £*'  FiS- 

L  tan.  FAB  :  tan.  FB.  a. 

a      a        r  ap        JS.CAB:  cof.  ACB 
and  rad:cof.AB::    t  S.FAB  :  Cof.  F. 

,      ,  A «  .       f  cotan.  ACB  :  S.CB. 

and  rad  :  tan.  AB  :  :    \      fc       ^     o  t-o 

I  cotan.  t  :  S.FB. 

,      j        tad         c  cof.  CB  :  cof.  AC. 
and  rad  :  cof.  AB  :  :    |  coC  F8  ;  <&  AF> 

,      ,  a  d      c  cof.  CAB  :  cotan.  AC. 

and  rad  :  cotan.  A6  : :  >      f  ^  .  D  A  ^ 

icoi.  FAB  :  cotan.  At. 

AndradxS.AB  =  S.ACBxS.AC,or  =  S.FxS.AF. 

AW,  either  fide  may  be  taken  for  the  bafe. 

Page  196,  after  line  7,  add, 

If  the  folution  is  neither  found  in  ABF  nor  EDF ; 
produce  the  fides  from  F,  thro'  A  and  B  to  qua- 
drants as  before,  to  find  a  3d  triangle  -,  and  then 
the  folution  will  be  found  in  this  new  complemental 
triangle 

P.  208,  1.  6  b,  (read)  tan.  iAB. 

p.  2ii,  1.  7,  (read)  let  fall  FI  a  perp. 

p.  213,  1.  6  b,  (read)  if  AF  +  FB  <c!  180. 

p.  239,  1.  4  b,  (read)  proportionals  between 

Tab.  natural  fines. 

8°  38' fine. 1501 106 

240,  at  bottom  right  hand,  (read)  ii4deg. 

41  °  sf tan-  84  3  5 

430  53' fine  .6931922 

Tab.  artificial  fines. 

15°  6of fine  9.4403381 

29°  60' cofine  5306 

Tab.  Logarithms. 
Num.  354 
Num.  987 

1927 log.  8817 

Num.  2804 
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ALGEBRA. 

read 

compound  quantity  ;  and  the  fum  taken 
all  together. 

y/  a 

\/  x 

age  —  bcf. 

wants  a  line  underneath. 

a  -       d 

b  -f-  a  — 
.26106 

10.598  7 
fig-  4. 


*3 

2 

9 1 

8  b 


9 
4 

1  b 
1 

5  b 
6 

7 
12 

1  b 

7 
5  b 
3  b 

3 


—  3J    — . 

£/tf  £i<T 

fig.  2  2. 

Rl«iz  R*. 

VrR1   ^  "~  J 

2  miles,  the  fecond  3,  the  third  4, 


1  +  2  zz  his  laft 
0/  the  means,  or  their  f quarts  (c)  ; 
area,  and  AC  zz  y. 
fig.  54»put  AforC,  B  for  A, and  C  for  B. 

+  a  —  c    zz  laa  +  ice  zz 


s  +  b  X  s  —  b  zz 


zxz 


axz  —  bxz  —  c. 


/■       -  ; 

v  //  x  c  4-  jy  — 
GPV,  VPlM, 

fpherical  triangle  ABC, 
fmechan.   56  and  cor.) 
/^r<?  cut  {ib.  cor.  5.) 

n  x  v/~  —  i. 


(median* 


477 

497 
5*4 

5*5 
526 
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12 

17 
29 
44 


9 
i8 
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29 
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line 
i     (median.  27.  cor,  2) 
2     dele  fig.  132. 
10     laft  term  will. 
1   b  (mec.  18.  cor.  3) 
16  b   (mec.  23.  cor.  1) 
10     (mec  23.  cor.  i) 

6  b  (mec.  23.  cor.  1) 

Poftfcript.  t 
1 3     met  with  fuch 

7  b  butDr.HalleyandFr.Robarts,eiq;havc 
5  b  leave  them 
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Fig. 


1 

3  b 

1 1 

21, 

4 
o  b 


*7 

6  b 


Arithmetic  of  Infinites,  &c. 
n  ^n  X  na\  or 

— 10> 

^  r=  «  -f-  1.01 
all  the  #'es 

<:=:  — A-f-23  +  Czz 
&c.  Prop.  V.  mould  be  italic 
and  thus  you  may 
FINIS. 

Co  NIC     Se  CTIO*TS. 

CA*  :  CN*  :  :  BPA  :  PM\ 

(XIII.  Cor.  1)  25 

at  the  end  of  Prop.  23.  add. 

Cor.  i.reftangle NMV  =  SMF  —  CE3. 

Cor.  2.  SP  :  CE2  :  :  reftangk  SMF 
—  CE*:PM\    fig.  18. 

For  (Prop.  19.)  CA*  :  CE2  :  .  PN*  : 
PM\  and  C  A1  —  CE* :  CE* : :  PN2— 
PM* :  PM*  •,  that  is,  SC2 :  CEZ  :  :  reel. 
NMV:  PM2  :  :  (cor.  1.)  SMF  — CE2. 
PMZ. 

Cor.  1. 
after  line  7,  add. 

Cor.  2.  FM  :  FT  : :  y/FMS  :  CD. 

Cor. 
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line    read 

Cor.  3.  Dr^w  MO  p*rp.  to  the  tangent 
MH.    tffe»  CI  x  MO  =  CD1. 

For  (cor.  2.  Prop.  35.)  MO  :  CD  :  : 
CK  :  CA  :  :  (cor.  1.  of  this)  CD :  CI. 
ODXDN::CP:CK\ 
more  lines  el, 
(ib.  Prop.  III.) 
multiplying  by  4,  QZ*  zz 

Plates. 

/.  28.  draw  MO  perp.  to  MH. 
pa.  66,  (at  bottom). 
102,  draw  CD,  PM. 
pa.  148,  (at  bottom). 

CURVE    LINES. 

whence  jya 

after  line  5,  add, 

Cor.  In  a  very  fmall  part  of  any  curve 
of  finite  curvature,  as  AG -,  thefubtenfe 
of  the  angle  of  contact,  is  as  the  fquare 
of  the  tangent,  cord,  or  arch  •,  for  thefe 
in  their  evanefceni  fate,  are  all  equal-, 
that  is,  BG    OC  ABZ  or  AG\  fig.  86. 

//  is  alfo  obfervable,  that  the  cords,  fines, 
tangents,  ver fed  fines,  &c.  of  a  very  fmall 
arch  of  a  curve,  have  the  fame  properties* 
as  thofe  of  the  circular  arch. 
line  MF,  are 
Since  M0  zz  ms, 
at  the  bottom,  add, 

Scholium. 
It  may  be  obferved,  that  the  circle  of 
equal  curvature  with  the  curve  at  M,  is 
that  which  paries  thro'  three  points  of 
the  curve,  fuppofed  to  approach  infi- 
nitely near  one  another. 

For 


12 
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page 


97 
98 

99 

114 

PL 


APPENDIX.  13 

line     read  Fig. 

For  two  points  do  not  determine  it, 
becaufe  an  infinite  number  of  circles  may 
pafs  thro'  two  points.  But  there  is  only 
one  that  can  pafs  thro'  three.  And  if  a 
circle  pafies  thro'  two  points  that  ap- 
proach infinitely  near,  and  at  laft  coin- 
cide, it  only  denotes  that  this  circle 
touches  the  curve  in  that  point -,  which 
an  infinite  number  of  circles  may  do. 

i  =  i>  +  Y% 

axis,  y  z  o, 

zzyxxU- 
z 

Mtf  zz  x,  mn 

fig.  100,  wants  o. 
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iCjf 

after  Cor.  3,  tfii, 

Cor.  4.  A  different  mediums,  it  will  be, 
AB  :  BC  :  :  AD  :  DE. 
the  focal  diftance.  And  the  fame  j or  a  water 

Lens,  (by  SchoL  Prop.  II.) 
attends  old  people, 

in  the  fame  point  P  ;  and  a  flop  with  a 
hole  in  it  mull  be  placed  in  the  middle 
between  AB  and  CD,  or  nearer  AB,  to 
cut  off  ftraggling  rays,  that  colour  the 
object  -,  and  then  the  telefcope  is  fit  for 
ufe. 

The  telefcope 

thro'  the  Jena  B, 

power 


pl.xiii 


pi.  ii 


32 


APPENDIX, 

1  ine  jread 
12  \  power  cf  a  ref rafting  telefcope. 
3  j  thro*  a  ref rafting  tele/cope. 
2   b  in  different  ref  rafting  te- 
15    Infimilar  ref  rafting  telef copes  y 


fig.  116. 


1    p.  203. 

5  \leave  out,  (by  Prop.  XVII.  B.  III.) 
9  b'(to  do;  its  magnifying 
8  b.Microlcope,  which  is  morter.    Where 
7  b  focus  of  AB,  it 

fig,  106,  GLI  mould  be  ftreight. 
fig.  107,  put  Q  near  the  end  of  P. 
fig.  116,  the  two  axes  at  C,  D  mould 

crofs  one  another, 
fig.  1 3 1,  the  fquare  LMIK'to  be  prick'd. 

PERSPECTIVE. 

Diftances  of  1 3,  &c. 

fig.  16,  the  whole  plane  RGCQ  mould 

be  ihaded. 
fig.  19,  for  /  put  /. 

fig-  55->  **  x   Should  be 
above. 

fig.  5J,  the  prick'd  lines  4?,   iS,  want- 
ing, and  fome  others. 

fig.  77,  produce  R/,  a  little  bevond  /. 


t  the  angles 


M  E  C  HA  N  I  C  S. 

After  line  11,  add. 

Cor.  5.  The  /pace  defcribed  by  tffaffirig 

body  in  the  time  of  1  vibration : 
is  to  half  the  length  of  the  pendulum  :  : 
as  the  fquare  of  the  circumference  : 
to  the  fquare  of  the  diameter. 

For 


page 


line 


35 

i  AS 
146 


10 

14 


1 
18 


APPENDIX.  15 

read  Fig. 

For  the  fpaces  being  as  the  fquares 
of  the  times,  the  fpace  fallen  :  tlength 
of  the  pendulum  :  :  as  the  fquare  of  the 
time  of  vibration  :  to  the  fquare  of  the 
time  of  falling  thro'  -'-length  of  the  pen- 
dulum :  :  (by  this  Prop.)  as  the  fquare 
of  the  circumference  -,  to  the  fquare  of 
the  diameter. 

Cor.  1.  Hence, 
Cone  ABC 
after  line  1 1  b,  add> 

1  lately  contrived  another  fort  of  ba- 
rometer, which  fhews  the  afcent  and  def-. 
cent  of  the  mercury  at  the  bottom. 

ABC  is  a  recurve  tube,  clofe  at  the  7. 
top,  where  the  bucket  C  is,  and  open 
at  the  end  A.  The  length  of  CB  is  32 
or  33  inches,  and  of  AB  6  or  7.  The 
bucket  C  fnould  contain  about  as  much 
as  the  end  AB.  And  the  bucket  and 
end  CB  mult  be  quite  filled  with  mer- 
cury, as  far  as  B,  a  little  beyond  the 
turn.  The  wider  the  bucket  C  is,  the 
better.  The  fcale  fet  to  the  end  AB, 
mud  be  graduated  downwards,  for  the 
mercury  falls  in  this,  when  it  rifes  in  the 
other  fort.  This  being  placed  again  ft 
a  wall,  will  mew  the  height  of  the  mer- 
cury, as  in  the  common  ones.  And  this 
way  is  more  commodious,  as  it  laves  the 
labour  of  clambering  up,  upon  chairs^ 
to  fee  it,  as  one  muft  do,  in  the  com- 
mon fort,  to  fee  exactly. 

A  Water  Barometer. 


PROJECTION. 


fig.  2. 

fig.  5. 


Fig. 
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A    P 

line  j  read 
3  b  off  the  fines* 
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l7 
2  b 

21 

3 

$ 

4 

12 

7 

9 

*5 

9b 


6  t 
2 

4 
11   b 


fig.  12. 

the  two  laft:  lines  fhould  be  roman  and 

indented. 
CpA  +  CAp ; 
fhould  be  indented. 
3,  4,  5  lines  roman. 
ECI  =  CAD 
if  p,  q,  be 
harmonically 
projection  C, 
equal  arches  EF 
OG  +  OD 


points  A,  B,  G, 

draw  EB  to  the  point  B,  and  BF  perpendi- 
cular to  it,  cutting  CH  in  F.  To  &c. 
After  /  laft  add, 

But  if  the  circle  DLE  was  to  lie  on 
the  other  fide  of  DGE,  the  arch  HI 
muft  be  taken  on  the  other  fide  of  H. 
interfeclion  P, 
gCt  required, 
circle  DEH,  or 
pole^s  draw 
After  1.  8  b,  add, 

For  a  right  circle  ACB. 
Thro'  C  ( fig.  34J  draw  DE  perpen- 
dicular to  AB,  then  E  is  the  pole  of  AB. 
Set  the  number  of  degrees  from  D  to  H, 
and  draw  EGH,  then  GC  contains  the 
degrees  required.  Or  if  GC  be  given, 
draw  EGH,  then  HD  in  degrees,  is  the 
meafure  of  GC. 

And  in  like  manner  AG  contains  the 
degrees  in  AFI,  or  AH  is  the  meafure 


of  AG, 


be 


APPENDIX. 


line 
7  b 

*7 

6  b 

2  b 
9  b 


2  b 


2 

20 


read 
be  fet  from  G  to  L,  and  LPE  drawn, 

then, 
of  this  circle, 
TV,  and 
at  S  cut 
any  angle  Qst 


if 

Fig. 


12 


=  Q/. 

Prop.  V.  read  little  s  throughout* 
at  the  end  of  Cor.  2.  add, 

Cor.  3.  If  P  be  the  point  where  the 
great  circles  PC,  PF,  &c.  meet,  {as  at 
the  pole)  ;  and  if  CB,  the  radius  of  pro- 
jeclien,  be  perpendicular  to  CP,  at  C  the 
point,  of  contact.  'Then  the  dividing  cen  - 
ter  A  of  PF,  is  difiantfrom  P,  the  length 
of  PB. 

For  IC  A  is  perpendicular  to  PF,  and 
I A  zz  FC ;  whence  PA2  zz  PI2  +  JAa 
Z2  PP  +  FC2  zz  PP  +  FP  +  IC2  zr  PC1 
+  FP  zz  PC2  +  CB2  zz  PB\  and  PA 
zzPB. 
to  oS ; 
after  1.  16,  add, 

Or  thus,  fet  CD  from  I  to  F,  and  FC 
from  I  to  A,  and  draw  AP,  &c. 
CL  zz  radius 
A  to  d, 
after  1.  1 7,  add, 

Note,  the  dividing  center  of  all  the 
lines,    PM,    PL,    PN,   &c.   is   always 
diftant   from    P,   the   length    of   PW. 
Therefore  all  the  dividing  centers  are 
in  the  circumference  of  a  circle,  whofe 
radius  is  PW,  and  center  P ;  fee  below. 
Cor.  2. 
\cvpx  zz  Pa  i 
biCor.  1. 
'after  Prop,  tgi  Cor.  1,  add, 

J ,  Cor. 


5« 


i8 

Fig.  page 
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49 
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APPENDIX. 

line  read 

Cor.  2.  I/P  he  the  point  where  the  great 
circles ',  AP,  B  P,  &c.  meet  -y  then  to  find 
the  dividing  centers  of  all  the  circles 
AP,  BP,  &c 

Thro'  C  the  center  of  projection, 
draw  PCG.  Thro'  C  draw  CW  perpen- 
dicular to  PG,  and  equal  to  the  radius 
of  projection.  Draw  PW,  and  WG 
perpendicular  to  it,  to  cut  GP  in  G. 
At  G  and  the  middle  of  GP,  erect  the 
perpendiculars  GA  and  DS.  With  the 
radius  PW  defcribe  the  circle  EWO. 
Then  to  find  the  dividing  center  of  any 
circle  AP  ;  with  the  diftance  LP,  and 
one  foot  in  L,  cut  the  circle  OWE  in 
R,  the  dividing  center  required. 

For  fmce  PWG  is  a  right  angle,  PG 
is  90  degrees,  and  fo  is  PA.    Therefore 
the  dividing  center  of  AP  is  in  a  iemi- 
circle  defcribed  round  AP,  and  it  is  alfo 
in  the  circle  OWR  (by  Cor.  3.  Prop.  V.), 
and  therefore  at  the  interfection  R.    But 
DS  bifects  all  thefe  circles  •,  and  there- 
fore the  center  of  that  iemicircle  is  in  L. 
6  b  of  meafnres  GH,  and  equal  to  the  ra- 
dius of  projection.     To 
2,  3!  by  reafon  fever&l 
1 1  b(  projected  from  what  is 

The  plates  mould  be  paged  at  the 
bottom;  pi.  I,  10.  II,  18,  III,  22. 
IV,  24.  V,  30.  VI,  38.  VII,  48.  VIII,  50. 
IX,  54.  X,56.  XI,  56.  PL  VII,  fig. 
44,  wants  F,  and  FC. 


11 
11 


CENTRIPETAL. 

irregularities  only 
drawn  or  impelled  to 


FORCES. 


moved 


P    E    N    D    I    X. 


page 
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line 
6 

1  b 

16 
22 

H 

28 

8 

10 

43 
59 
65 
66 

78 

*5 

1 
4 

61 

103 

162 


A     P 

read 

moved  from  A  thro'  C 
/2AC 

ZZ  Trt 


'9 

Fig. 


J 


as 


For  R 


12 
3  b 

I 


whence  A*  X  M  + 
after  line  5,  add, 

Cor.  3.  If  R  be  the  radius  of  curva- 
ture in  j,  the  centripetal  force  at  I  will  be 

d  SI 

_   or . 

H  x  SP* 

-  SI_xJN  and  Pj         SJ_ 

Pq    "'  "     l  IN  R    ' 

whence  the  force  — -4 —  ~ 1 

PS'X-IN      RxTs* 

Then  univerfally  the  force  is  always  as 

But  ms  or  rs  is 

Such  motions  as 

P~C  and  Pre. 

4,  R  recedes  from  M, 

Curve  RDB. 

its  axis  iBz 

PL  I.  fig.  5.  the  body  m  fhould  be  (haded. 

PL  II.  fig.  23.  Pn  muft  be  perp  to  F/>. 


ASTRONOMY. 

fig.  90. 

90th  degree  of 

fig-  fl- 
atter 1.  4,  tf^J, 

Cor.  6.  7^^  horizontal  parallax  of  one 
body  feen  from  another ,  ;j  £ jjfcj/  /<?  /fo  #p- 
parent  femi  diameter  of  this  other  feen  from 
thefirfl. 

For  the  parallax  of  P  is  the  angle  at 

P  made  by  t  ',  CP  continued 

L  2  to 


20 

Fig.  page 
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APPENDIX. 

line  1  read 

to  the  fixt  ftars,  and  that  is  equal  to  the 
alternate  angle  APC,  under  which  the 
radius  AC  is  feen,  (by  Cor.  2),  which 
will  be  the  horizontal  parallax,  when 
PAC  is  a  right  angle,  (fig.  48.) 
after  line  5,  add, 

1 .  To  find  it  by  Calculation, 
8  b.Dec.  30  20  26,  1742 

8  j(becaufe 

9  1=3.1416) 

7  the  planet's  angular 
13  :  the  planet's  angular 
5  b:  is  to  its 

after  Cor.  3.  add, 

Cor.  4.  The  velocity  at  any  place  N  : 
is  to  the  velocity  in  a  circle  at  the  mean 

diftance  SA  :  :  v/N~F  :  s/NS. 

For  (by  Cor.  5.  Prop.  16,  Centripetal 
Forces)  the  velocity  in  the  ellipfis  at  A, 
is  equal  to  the  velocity  in  a  circle  at  the, 
diftance  SA. 


1 
1   1 

10 
6 


fig.  7*> 
?  's  geocent 
as  p  and  P, 
©  place 
or  PT. 
after  Cor.  2. 


place 


add, 

Or  thus. 

Let  a  =  apparent  diameter    of  the 

central  body   feen  from  the  revolving 

body,  and/>  zz  the  periodic  time.    Then 

(Prop.  19.  Centr.  Forces)  the  denfity  is 

For  a  is  the  parallax  of  the  re- 


volving  body  (by  Cor.  6.  Prop.  16. 
Scd.  IV.)  And  the  quantity/)  is  knowa 
for  all   the  planets  and  their  iatdlites  ; 

and 


page 


line 


APPENDIX. 

read 


28, 
318 

3l9 


l3 

l7 


3  20 


and  a  may  be  eafily  found  for  them  all 
Whence  the  denfities  are  had,  without 
any  regard  to  the  fun's  parallax  or  dis- 
tance. 
Cor.  3. 

moved  backward, 
ditlance  ms  zz  MS  —  Mo  +  Sp,  very 

nearly,  when  MS  is  large, 
after  line  3,  add, 

But  when  MS  is  fmall  or  Mm  large, 
Mo  will  need  fome  correction.  Therefore 

to  correct  it,  take  mo  zz  \/M;//-  —  Mo"), 
and  find  its  tangent.     Then 

Tan.  MS  :  tan.  mo  : :  \mo  :  correction, 
which  mud  be  fubtracted  from  Mo, 
when  the  angle  M  is  acute  \  but  added 
when  obtufe. 

When  Sj  is  confiderable  (which  fel- 
dom  happens,),  find  Sp  (\/Sr  —  Sp4), 
and  add  ic  to  mo^  before  you  make  the 
proportion. 

When  DM  is  greater  than  a  quadrant, 
the  figns  of  Mo  and  this  correction,  will 
be  contrary  to  what  they  were. 

The  reaion  of  this  operation  in  correct- 
ing Mo,  is,  that  in  the  former  computa- 
tion mo  is  perpendicular  to  MD,  v/hereas 
Data  fnould  be  an  lfoicclcs  triangle  \  and 
this  correction  only  {hews  how  far  we 
are  to  go  beyond  0,  or  how  much  Mo 
is  to  be  fhortened. 
point  s  is 

After  the  Scholium,  add, 
Otherwise  thus. 

The  foregoing  method  will,  in  mod 
cafes,  give   the  anfwci 


21 


&• 


ding  ncaf 


22  APPENDIX. 

Fig.  page    line   read 

the  truth  ;  but  being  only  an  approxi* 
mation,  and  gained  piece  by  piece,  it 
will  deviate  a  little  in  fome  particular 
cafes,  as  all  other  patched  up  methods 
will  do.  And  therefore  it  will  be  better 
to  ufe  the  following  general  and  exact 
method,  by  help  of  the  natural  fines. 
LetZ=cof.ZM+ZS,Z=cof.Z»i+Zj. 
C  -  cof.  ZM— ZS,  c  =  cof  ZM— Zs. 
B  ~  cof.  obferved  bafe  MS,  b  —  cof, 

true  bafe  ms9  required. 
P  =/  — C,  Qzzz  —  Z,  R  zrC  —  Z, 

S  zz  C  —  B,  then 


b=zB  +  P  + 


R 


S,    obferving  the 


fines,    and  that   the   cofines  of  arches 
greater  than  90,  are  negative. 

For  by  Cor.  1.  Prop.  42.  B.  III.  Tri- 
gonometry, C — Z :  C  — B  : :  ir :  verf.<CZ 

C—  B  , 

X  2r,    and  c  — 


ir 


C  — Z 
C 


C  — Z 


-  X  ir  : 


z  :  c  —  b  :  : 
Z  :  C  —  B, 


Whence  c—i  x  C— B  zz  C  —  Z  X  c—b. 

and  c 


b  ~ 


c  —  x x  C—  B 


c  — z 


whence  b  zz  c  — 


zxC— B 


w 


hich 


C  — Z 


_       .  c  —  z 

is   one   rule.     But  b  =z  c  +   - — tj  X 

,     ^  —  z+C  — Z— C-fZ 


B  —  C 


XB-C=f  + 


C  — Z 

c— z 


;  — z 

x  iT=*c  + 


r— » 


page 


line 


APPENDIX, 

read 

c— z+Z— 


Fig- 


C  — Z 


X  B— Czz^+B— C 


+  — c 


c  +  C 


C— BzzB  +  P  + 


R 


Let 


Examp. 

MS  zz  20  20'       moon's  parallax     5&1    10" 

ZMzz  80  21  refraction        4    40 

ZS  =  78  46  A/r " 

M^  zz  51  30 


Sj  (tar's  refr.    4  40 


ZM  zz  80  21     0 

ZS    zz  78  46     0 

Zw    zz  79  29  30 
Zs     zz  78  50     0 

Cof. 
—  .9343082 

Z   zz   159     7     0 

z    zz   158    19  30 
C   zz        1   35     0 

—  -929293% 
.9996182 

c    zz       0  39  30 

.9999340 

P  zz  c  —  C  zz    .0003158 
Q  zz  —  Z  =     0050 1 44 

•  • 
,004698 

R  zzC  —  Z  zz  1.9339264 

S   zz  C  —  B  zz    .0004473 

Q—  P  zz    .0046986 

000447 

188 
18 

3 

1.93)20.9(11 

B  zz  .9991709 

Pzz          3158 

*    i93 

quotient       1 1 

16 
i°  50'  2" 
in  felting  down  the 

.9994878  zz  cof.  ms  zz 
Almoit  all  the  work  c6i 

data. 

fiz. 
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A 
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page 

line 

read 

321 

1 

fig.  1 1 0. 

33l 

0 

P-331- 

333 

7  b 

from  the  node : 

B55 

16 

if  x  2=  number 

18 

27-54*  =  29.534 

6  b 

=  #  =  50.39* 

356 

7 

zz  #  zz  239  m*. 

357 

after  1.  9,  **W, 

Put  <?,  #,  e,  y  for  the  periods  of  the* 
change,  aplis,    node,  and   year ;    then 

any  of  them  may  be  found  as  before, 

from  the  equations ; 

29.53^  =  27.54^27.21*  =  365.257, 

367 

8 

fooner  at  London  ;  or  weft  if  later.    Or  it 
is  eaft,  if  it  happen  later  in  reckoning 
the  hours  *  but  weft  if  fooner.     This 

In  the  Plates. 

Plate  I.  at  bottom,  pa.  8.  PL  II.  pa.  24. 

PL  XI.  pa.  260. 

PL  I.  fig.  1,  the  bodies  of  the  Sun,  Sa* 
turn,  Jupiter  wanting. 

PL  VI.  fig.  40,  the  lines  mould  inter- 
fed  in  B. 

GEOGRAPHY, 

4 

*7 

length  of  days 

5 

9 

Afcii.    At 

8  b 

frigid  zone,  thefe 

*9 

1,2,3b 

longitude  ffor  lat.) 

20 

1 1 

and  in  both  ways, 

23 

1 

whofe  diftance 

40 

9  b 

pole,  A  and  B 

57 

8 

oblate  fpheroid 

72 

8  b 

into  a  horrible 

raft 
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Cor.  3.  And  from  hence  will  be  known 
how  much  the  watch  is  too  faft  or  too 
Jlow-y  which  now  may  be  fet  to  the  true 
time. 

DIALLING. 

15  tag,  his  rays. 

1 7  removed  wefiward  or  eaflward. 

10  carried  back  thro9 
5  fituation,  on  that  meridian. 

1 1  fig.  20. 
5  b  put  out  fig.  20. 

1     fig-  43- 

l      put  OUt  fig.   12. 

at  bottom,  add, 

SeeCor.  3.  Prop.V.  Seel.  III.  Projection. 
14  b'Chambalu 

PI.  IX.  fig.  34,  9  and  3  are  wrong  placed ; 
they  mould  ftand  where  ab,  qd  cut  AB. 
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MENSURATION. 
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